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OfJSJE 



EXT. VcciSV) 



EXT. Vcc(5V) 



INT. Vcc(3.6V) 



\HX. Vcc(3.3V) 



CND'OV) 



Vbb(-2V) 



CM)(0.5V) , 



g*£EXII 2|£!Sx| 

HIHa), (b)£i= gBIPI^ ^ ^SHl DW^m ti\HolO\ UEIfcH £2. 
H12£^ B ^S°l HimS°l HI1^A|0j|M UEILUb JH^£. 
HI3£^r HI2£H| sJ^^^M Lf&td Efgj x|§, 

hks^ s ^shj unison mm i\\2^Mo\\m u&uife jh^s. 

HI5£^ S ^SSj XHl2^S CHI WB HM^AIOIIM UEfUi^ JH^£. 
HI6£i= S ^S^l HI 2^= S Oil CCfH HI2^A|01IM UEILH^r 9H^£. 
XHI7Sfe ^ ^SHi HI 2^1 SOU ®B HI3^AI0I1M UEfLHfe ?H^£. 
HI8££r S ^S^l HI 2^ S Oil (Ji^ HI4^A|0||g UEILHfe 2H^£. 
XHI9SEfe HI 8 £011 SA|£! m^m^m UEILHfc: EfgJ xt^. 
HMOEE^ S ^SHJ HI 3^1 S Oil df^ HH^AIOIIM UEfLH^ JH^ fc £. 
X1I11£^ HI10£0il SA|£! ^A|0||£| m^m UEHH^z EfgJ x^M. 
HM2£^r £ ^g£| HI 3^ SOil mm HI2^A|0||M UEILH^ }H^£. 
HI13£fe HI12SSJ ^A|Oj|£] UEFLH^ EIS xtM. 

HI14£^ S g*g£| HI 3^ SOII WtB HI3^AiO||£J g^S UEfUfe ElgJ xM 
HI15£^ ^ gJ-g2| HI 4^ SOI! WtB HM^AIOilM UEIUi^r DW^S.. 
Hi16£^ HI15S0II SA|^ x| U^£J gJOIIM UEILH^ £2. 
HI17£^ HI15£°i ^ AI0II2I UEJ-LHfe Elgi XtM . 

HM8£^ ^ HI 4^ SOII CQ^ HI2^A|0j|M UEILH^ M^5= . 

HI19£^ HI18S0II SA|@ ±?\X\ ^OIIM.UEILH^ ?H^£. 

HI20£^ HI18£0il SAO ^A|0||°| SStS UEfUl^ E|gJ 
HI21£^ £ gJ"S2| HI4^S0|| df^ H!3^A|0||M UEILH^ EfS 
HI22£^ E ^§°J HI 5^ SOil [L\B HM^AIOIIM UEJ-LH ^ ^H^£. 
HI23£^ S HI6^S0|| CC^ HM^AIOIIM UEILHfe ^H^£. 

HI24£^ HI23£^ £JA|0||£j B^m UEIUi^ EfS xl§. 
H!25£t= S ^S°l HI 6^ SOII Hf^ HI2^A|0j|M UEILH^ JW^^. 
HI26£fe g ^S2J HI6^S0II CCf^ HI3^A|0j|M UEILH^ 3fi^£. 
HI27£^ HI26S2J ^ AI0II2I UEILHfe E}gj X^M . 

HI28£^ ^ ^S°J HI 6^ SOil CTiB HI4^A|0|ie UEILH^ 
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M29^zz & &g£| HI 6^ S Oil [QE M5^A\0\\m UEfLHfe 3H^£. 

X1l30£ur g tt@°l XII 6^ S Oil (B5 X1I6^A|01IM UEIUi^ ?H^£. 

«I31£^ g »32| Xi!6^S0il 0}^ XU7*JAI01IM UEIUl^ JH^£. 

XII32Sfe g &g°l X1I6^S01I MB X1I8^AI01IM UEIUi^ JH^£. 

XU33£i!r Xil32£2j 2# £!^S d|IiiS!S£AI M§6[b tiAIOIIS UEIUife }H^£. 

Xil35£^ 2# £E 0\\M UEIU^ 

Xil36E^=r ol^EilSIAI^ ^£f§ ^Xlfer 2^ £0^21 ?H^E. 

XII37E^ X1I6^S01I dfa g ^S2J CHIS£|^2J QIOIEt «XIAI2*» Eil^M 6^1 %m EII^S gJ^Oil 2j 
g@ mm UEFLHfe M^E. 

Xil38£^r g &g£| X1I6^S01I CLfB g &3 0| 2| DllSaiM^Oil ^§£1^ 01! M UEIU^ ES. 

XII39E£f XII 6^ S Oil g ttBOl 2* CHIS^I M^CHI £Jg£|^ Cie Oil S UEIfcH £3. 

fliers oil mm g uaoi ^ oiisai m^oii ^§a^ e ae o\\m ueilh^ e°t 

XII41E*z XHI6^S Oil life g g*gO| 2* Dil2£l M^Oll ^g£J^ CH^ Cf^ Oil M UEIUI^ EE. 

HI42Ete g XII 7^1 S Oil dfE 3I1£A|0||« UEILHfe JH^E. 

XII43£te XII42E0il SAIE £]A|0i|21 g»S UEfLHfe EjgJ x^M. 

Xil44E^r D1IS£I*J£| Am^SH-HSE ° = fer SSI UEjlH^r EE. 

Xil45Ei=r g »B2| X1!7^S01I me J||1£A|0||£| B^E, 

HI46E£r ^ HEI £3 Xi, j, kM Sj^M UEWIfe EE. 

Xil47Efe O^EH P2CH£!S 0 xi M »£B^te m^m UEfUl^ EE. 

XII48Efe SIE& ggj£|£« UEj-LH^ JH^TE. 

XU49££r &g SFU/L 61s ttgSISa UEfLH^ EB. 

Xi!50E^ CSL g^oPI ^e!; sJ^S UEJ-LH^ EE. 

HI51£fe g g^SSJ HI 7^ g Oil dfe X1I2^A|01IM UEUHfe 3>H^E. 

XII 52E^ XII51E01I SA|@ 4JAI01I2J i^i UEILH^r EI2J X^. 

XII 53E^ g gf3°l X1I7^SCHI OfH X1l3^A|0tlg UEfLH^ ^H^£. 

XII 54£^ XII 53^011 SA|@ ^AIOIIH] m^M UEILH^ E}gJ X^M. 

Xil55£fe S XII 7^ SOU \J}B Xil4^A|0j|M UEfLI^ ^H^ fc £. 

Xil56£^ X1I55£01I SAI9 ^A|Oj|£| §^§ UEfLH^ EfgJ x^. 

Xil57£^ S g*S£| XII 8^ SCHI HI ^ gJ£IS ^S6^ £2. 

Xj|58£E^ XII 8^ S01I 0>e ^ %'<£2\ ?-JH^ AlH^SIKjmE Bia^WM UEILH^ 

Xil59£^ H ^S2J XII 8^ S01I d}^ XIM^AIOjlM UEfLH^ ^H^£. 
XII 60S X1I59S01I SAI9 ^AIOIIHJ IC UEILH^ £3. 

Xil61£^ XII59£01I HA|@ £A|0||S1 ^IfM UEILH^ £3. 

XII 62£^ XII59£0il H A|@ J\^&2*m &&otl\ ^ v ^alS2J ^OIIS EIULH^ 2^1 sj^ 

E. 

X1l63£fe XII62£0il SA1@ ^1^2^ ^^Sl^Sl ^H^M UEfLH^ ES. 

XHI64Sfe X1I62E01I SAIE! ^1^2^ &^fil£Sl ^H^OIIM UEIUI^ £2. 

X1l65S=i= X1I64£2J ^1^2^ §2|§ UEfUlfe nf»£. 

Xil66£^ ^1^2^ ^^2JS2| S£ QE 0\\W UEfLH^ EB. 
X1I67£^ ^Ay^J^oj CH « a = 01IS UEIUIfe ES. 

XHI68S& Si Af§6UI StM EH, dlHBIIAI e^0||A1£i ^dlS^OI ^^6^ OtIS UEILH^ ^H^£. 

Xil69£^ XJI68£°I ^A|01I°J UE|L4i^ EfS x^. 

X1I70£^ X1I68££J ^AIOIISJ UEfUlfe El X^ . 

Xil71£fe Si AfgSFXI S^g IH ^ISSfl »«filS» ^^2^ ^^SjS2J S3T0I Xil 01 El ^ dig UEI 
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HI72££: 3\m®5\ g^SISS] SJOJIM UEHJIte 

HI73£i=f i£^2£ v IJOjlM UEIUi^ ES. 

HI74£^ HI 8^ S Oil d>e ^SOI IH2J LSI ?H^£. 

XHI75Sfe £ g*32J HI 9^ S Oil WtE M^MO\\m U&LHte EE. 

H!76Efe 39I75EOII HAI@ 3|^2& h Vrefifll- ^lOISES- VpM ?I*J sJ^HI JH^E. 

HI77£^ HI76E01I HA|@ Xi^m ^21 XI ^ EH S JH^I^ Oj|M HA|8>fe £3. 

HI78E^=r HI75E0II SA|@ ^A|0||£J JHiTOllS UEIUife £2. 

HI79E£z S HI 9^= S Oil DE £A|0||» UEUHfe ES, 

HI80E£r HI 78 £ Oil SA|@ ^A|Oj|£J DW^O\\m UEfLHfe E£. 

HI81E£r HI80E01I H AO 0||£| W^OUM UEfU^ ES. 

HI82E^= g HMO^SOil OQ-H HI1£JA|0|IS UEWfe M^E. 

HI83E^=r HI 82 E Oil SA|@ tfA|0||£| §St8 UEfLHfe E}gJ j^§. 

HI84E^ S gtg£| H1 10^ SOil 0}g HI2^A|0jlM UEUHfe M^E. 

HI85E^ HI84E01I SA|& £JA|0||2| CHOI GND BlISS ^^SISM UEIUife JH^E. 

HI86E^ g Bta°| H1 10^ SOil OP-M HI3^A|0j|M UEIUfe 

JII87Efe g H1 10^ SOil CCf^ XII4gA|0IIS UEfUfe M^E. 

HI88E^=r HI87E2J ^A|0j|2| UEIUi^ EIS »e . 

HI89E^ ^ ^S£J H1 10= SOil CLf^ HI5£JA|0JIM UEHJfe DW^ ME. 

HI90Efe HI 89 £ Oil 5AI9 ^A|0j|2J UEIUi^ Jfi^E. 

HI91E^=r g tte°J H1 10^ SOil CCfe HI6^A|01IM UEfUfe M^E. 

HI92E^ HI91E0II 5AI9 ^A|0||£J ^Q^M «hCH5KM UEIUI^ £2. 

HI93E^ ^^g^JI f^^s S0N1M S^S>£r §J^M UEUHfe M^E. 

HI94E£z ^l±m^^\ ^^sf^S S0N2M e^Sffe SJ^M UEfUlfe ^ M^E. 

HI95E^ XII92E01I SA|£! Oj|S| JH^OJIM UEUflte EE. 

HI96E£r e H1 10^ SOil HI7£JA|0J|8J ?2?I ^DioFOI UEIUfe £3. 

HI97E£r HI96E01I UE}fc« Oj|£| JHiTOIIM UEIUi^ E2. 

Hi98Eb g g^SS] H1 10^ SOil MB HI8^A|0j|M UEHHte OW^ 

HI99£^ HI98£0il SA|£! ^A|0j|2j m^m UEIUi^ E}g| Xt^. 

HUOOSfe ^ ^S°J H1 10^ SOil CEf^ HI9^A|01IM UEIUi^ ^H^ 

HI101£^ #£H°I Oiiedl^ CHaiOIHJ ^H^£. 

HI102£fe HI101£0il SAIE! Oil2£|^ CH£ilO|£j m^ v m UEfUife Ef^J x^. 

s Ail m ^s] 

& &}£^| ^I^SxIOil 510ICF. 

ea &.^hi ^lesoii oh xia oiisai^ aisiioi , e^^i ^ oims hichs^i ^i^ 

S^oF^ DOIU°! g«g ^Ail^ OiiedlOilAi, Oiiedl^ OiSilOlM ^^6^ b!M^, Diie^l^ ^ ^1 
^ e^^!2J ^¥2il^ S^IM S ^^|2J ^JH^2J ^^ail^SCf fe^lohfe ^£^1 ^I^SxIOil 201 
Q. 

HI101£fe SBH DRAMSJ UEIUi^ ^H^£0|Cf. 

HI101SEM S56f^, Oil££|M MC Ol ?-j£>d WL2f b|e^Mh BL> »'l oil 2^&Cf . 

bl^<^^ BL, 1:1 ^ M^j^H-i ^|0|e(Tr71. Tr72)M mm<X nXH^ e^^l(2), OIH^OIH 

Sl^(3) §y pxH^ e^^l(4)0ll g^£|CH 

MgH^m ^i!0l^(Tr71 ( Tr72)^ ^OIM HI0i6is BLIOil 2I3KX HiCHSD. Ol^dfOiXi SIS(3)01I^ EQ 6J 
S SEi OhUEl 1/2Vcc 2?i°J VBL ^^^^ ^CH^Cf. EQ <^SOil g&olW, Olil^OIH U^(3)^ VBL £J 

dl^Ai^ 8L> I'l m l/2Vcc^ HaixfXI^CI. 

e^^l(2)2f (4)i= Oil££l^l MC^^Ei blM^Mv BL( »'l oil 014: S^IXKsraall potential 

dif ference)M §^e[C|. 
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e^t %t&mtin soji show 2ii\w u $\±mm\(2)^ mg&s\n. t^^s 

s ' ' j\ vi± =?m& spoil 2ii\m in e^Piupi- t^^a. 
«no2£^ xmoisoii sais oneai chbjioisj e^e uBuife Efgj xmoia. 

*ll 101 E (Mite 0II2£I CH3I0I2J **4*2| M^OI HAISCH 2*3, ^ CHfoffe f^S^s^ B 

DE-iU OlttH. fl!^g^2l(2.4)fe 0 r ^ ^^SfEJXI &feCK 

CHI 01 Bf DII2BI2! MC^¥EH ^#^(EH, BLI HBII^OI £J3, MgH^m }|0|M(TR71 ,TR72)£r £19 

04. dlM£&> BL I '.I ~ >mi^ e^^l(2, 4)21- Oil! 5101 XH fi|£(3)0|| ?-JH^ WL0| X1I102S2I 

(a)OilA^ 1*01 £2fS& Vpp^S g$ST (EH, 0I± 2^Xr^ 0HSEI*J MC^¥EH aiS4!« BLi I'-l s s 

aan. SH02SE2I (b)a (c>oii ah^ ^oi soi»h Haigoi ga, s< ' ^ lbhsioi 

£101, »«|(2. 4)fe i^s^Ch dl^Ai^ 8L( » ^oj D|^2^l &± m^D\(2, 4)011 

°\olO\ § = £12, S?|*r H ^B LBilgy^ M8Cf. 

01 HI , d|^<MMh BL> I '.I oj jisoj L ai ^ 01 « = £2| £^Bilg|0|£r2 &CL 01 g^OII, d|£^ ?-IH££l 

H&iHS , 9I = G2| S^ai^OI £|^ SIE£!£| /dM±±ail+l» = £|H2W(sub-threshold leak current)^ 
BorOI MCOil SSf^f dl^Aio^ 28 r £J S0| IJ^ofOI , Oil 2 Big MC21 EII0IEI2J 

wmm ?t^oW\ oiae* ^xispi oh cm , genou^ tuoio^ vbbx oiieai oiaioi 

¥011 BXSEf. 

3&iU, Olte b|-0ICHr±: VbbM S^oPI *lei ¥S^I ^SJ^M WQ.^ &CL 

S£& 01 BH & See, DilSe.1 OidilOl §»0|| ^gtSttt SXI^o^ SSOII CTJB CH fill 01 in0l^£j 

bl6j^j ^H^HI L5II^°J ¥&, AHM^3l*lmH £|32#|2J m?\ S! EIHSilAI s/hoj °i 

CErBrAj , g Diie£|^ M^X|^Ei£j §6| 2^01 feMI 6J£J£0I 4^ 21 

°Dj , MdIM 1! ^(triple well structured mil ^£x-ll ^I^SxIM HI 51 

OIQ. 

oiisai^M aseh^ oiiaai^ cHBiiom, oiisai^ oiaioi^^Ei biM^oii 
01^2^1 mrnsw mm &± oiie^i^ cnsiiois^Eisj q\o\e\ ^mi± 01122.1^ ch ai 01 chi 

wtE\M , & g^soii ccf = 3 ( e^^i 31, oiisai^ §y di^Aioi ^£=>ej|*j 2^1^ e-heioi ^ih<m2| 
^oi sr^aoi, ^^s^ ^^sj^^f ggfis^i £1^, Mdi# n =?zdi mmo-mn bo. 

CH^ d^5|6^l^ ^X>2J ^^2^ SIM ^^Sil^ 2?l^ei2J 2^IM ^OPI ^15^01. 

^Bg, e 2^1 ^IZfOil QieSh^ <m^(HI M&BfOI HI2y£^l ^¥31^ 2^1 2 

^IM ^S^Ef. 

CH^ d^^SMI^, S^I^S^BOI, 2^l£f >|£J §§s| ^l^2^M ST^oPI ^1^2^ 

^Ay^e^. Pi^a^m ^^ai^ s^oim- diurn^ ^-jh^hi ^^si^sci ^^ai^ 

S^IS^^B^, dlB4=B^, d|B4=&°S¥EH2J dim^^OII g&o^ ^?lx|5^ ^^I^^BM S^et 
P. 

S^^S^B^. 2^S^IM ^¥BII^ 2^IEfeiOI| Ef^^o^( intermittent I y)g^5K)1 ?-IH<y2J 
S^eH^ SD ^ Bil^S £iSE^ 2^IM M4r6Kb /H^EII&j ^B(^XI^e)(sustain circuit)^ 

Ai^Eiiej ^b^, ^asi^sf. sssj^e HS^a. 

C\m d^^oMI^ ^l^2^IM ^^o^l ^I^S^ ^^^B3l, ^1^2^21- 

m S^IEfej£| 2^1 M bl JHor^l dim ^B2f, dlH^B^^^EiBJ #^011 CP-SI ^filliJ &?\Vt°l 

S ^Xl5^l ^lorOI 0012^21 ^^ai^XH^ ^XI^BOI ®£9Ch 

CH^ df^^oMI^, e S^^h ^B, a^dlB^BM g^SFo^ 2^d|JH SXI^BUI, e 

§oj, ^^l^j^BM ^Hl^o^ ^^6^01 ^^ai^ S^IEfoiSI S^l^ ¥^6^ 5iM ^Xl o\ 
= ¥4f^XI ^B(floating prevent -ing circuit)0| i^^CI. 

EH^ dr^Slor^lfe, e^^Pr, ^¥^1^ 2^ldrB3f S XI Ah 01 Oil S^£JCH 3 S^SEJ B^ 

^¥SII^ 2^1 ^B2J S^IM ^01^ ^¥IS ^XhM SS^Er. ^IS ^Xf^, SJ^S^PI- ?-IHtf2| 

aiigf^ eeshxu 3sci ^e £#£ioi e sw^i ° = ^ §ei ^s^x^ ^^s^oii 
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¥£1^ (negative potential )M £36101 S&AI2>e B^S^ ±*IS^B§ ±9iS4*eS e 

2j #S!0il^ ¥2^IM 

S SE CHI ^§0il EUS, H ESE&OI 2J¥0il AH £3£l£r Ui¥3J^M HSofS/d. LH 

^51 £011 o|0|£IIS 2l¥0ilAH §^£|^ SS!2 0 J]3|fe Cf^ 2^1^ £S6H2, Ui¥£l^0il 

g^Elfe ^^511^ $J2£2J S^BIIJSjlfe Qm 2^1^ £S6^ ^BI!|, e*EX|| 31 2< 

sxpi gsrsei^ oi¥oii im stoiaiuat s^aia! ®mm sssffe ^b§ ssstfe sisal zh^sxi 

5 ^S2i SE DE ^SOil 2|S>a. S BJEXII 31 ©#011 SOI tf££JOi Sill, b|e£^2J 

6iu2f «4>si ?-iH£^2i smoii 2^2| oiisaigM s»«*te Pia^ waioia. cnisai ^ ch ai 
oi^Ei ai^<y oil 0(4: s^xim rn^ow mm ^"^ §^121. Qiieai^ oi5iioi£¥Ei£i pi 01 
ei chi s e.i cH3ioioii2j pioiei ?\mm xuchspi mm MOi^&m, ysxii 3ieoii ^aiai ^ies 
^im g^api ^ 3ies*i u e u J^M, ?-iH<yoii g^si^ ^s^e ^api mm gtg 

^B5f. SOI AH§oi^ 01 ¥ Oil 0>y ^E&S^SI- ¥2^1 £J2J2] 2^1^ ^ISoPI 
§ 4=BIUg Sfc^fe &£«l 3l^§xlM IM^mO. 

6 EE a^ CHI 2|oiS, e*£X|| 3|2|gx|fe ^4=2] b|M^e°l ofUSf ^4=2j ?-JH£e2| oh 

uoii s^s oiissi^e £So^ Diieai^ oi£iioi2i, oiieai^ cnaioi£¥Ei bi^oii =s@ 01 

^2?IXlM S^oPI ^ #^PI2I, 0il2dl^ CHS|I0I£¥£H2| PIOIEI = ^31 Oil £ £1*0 OieilO|0i|2j 

PIOIEI }|^M XilOioPI ^1 eh Xil0i4=B3f. bl^£!2J £^31^ mm &2im M&oM mm S?lg§4*B 
III, 0IM£. DilSdl^ §y g^3|£l £¥SII^ 2*ia2IM 9ISG2J ^^Bil^ Sa feg £^l£ 

6PI ?i£[ 4^ BUI. ^§9 S^BIISEflM S^6PI mm SflS^B* 5§&Cf. 

S »S2| EE CiE CHI °]5f^, *}^X\\ D\^%X\$= ^^£| U|M<M^oj mU2f ^^oj ^cai-oj ^ 

uoii s^s oiiesi^e s& h o^ oiisdi^ ch aioisj- , oiis^i^ cnaioi^^Ei bi^^oii ^ts di 
±2?ixhs §§r6^i e=^i2f , oiiediM cnaioi^^E-isj c-iioiEi oue^i^ oiaioioiisj 

chi o i Ei- ^i^e x-iicHoPi ^ish hich^b^, diM^. oiis^i^ ^ e^i^j ^^Bii^ z\°im ^ 

H^^J ^^Bll^ SCI 2?l^ 2^I^§^B3I. ^I^^^l ^^fiil^ SCI ^}| ^§9 

S^|5| ZH ol- Oil m&olO\ S^IM ^^ohOI XHohM S^o^ S^^B3I, S^l°l ^^Oil m&oi 

W 2^121 S^5fe 3^4=01 S^ShCI. 

^ ^ssj se cie ^soii 2\m&. d\^^x\^ bimttrnzimu® ?-ie^§°i 
oil 2|2| oiisai^e oiisEi^ oieiioi£i, oiieai^ cn&iioi^^Ei bi^^oii u\± 

2^1 xim m^rnn mm &± g^^isi, e^^iM ^es^i ^iei =?^&3±, &± ?si 

CH ^§£°l ^¥Bil^ 2^IM ?-l2<ido| ^°^|^ fip S^l^ ^§o^l ?i& 

S[C|. 

e ^§£1 CH^ Cl^ Oil °Jo^ &|£xil DI^^Xl^, ^4=2J bi^^e^j 6m 21 ^4=21 ?-J^<y^2J 

amoii ^ s^s^ oiisai^e 5^6^ oiisai^ oiaioisi, oiieai^i oieiioi^¥Ei bi^<yoii 

^ oi^s^i^e e^s^i mm vi± e^^isi, bi^^n m^?\ mo\o\\ s^ti^ a& ^101^21, 

e^^l^h ?§I (EH. }|0|^2| ^OlMS^Ife $\^&S>\ ^^ft\m^, bl^<M2| ^3lijJ S^t^ 

s& ^ioi^hj ^^2^^^ m^o\^ moi^Bm s&^ci. 

^ ^S2J SE CfB Oil 2jo^ £l£xii ^I^^Xlfe, ^4^2J b|M<ye2i 8hU2| ^H^^SJ n\ 

uoii ^4=21 oiisai^e s^a^ oiisai^ oi ^10121, oiisaiM oi£iioiM¥Ei b|s<yoii 

01^ S^IXhM mm Vi± e^}|2l, Diieai^ 0iSi|0|^¥Ei2J Gil 01 El ^#21 oiieai 

^ oiaioioii2j cii 01 ei J\mm xuom^i ^1^ xiicH4-B3i. bi^^, oiisai^ ^ &± ^^^i2j ^^eii^ 

2^1 £i°Ji ^JH<y2J ^^a^ SCI 2^1^ ^Sol-H, 6F0|£il^ 2^IM 2l¥0ilAH ^OiXI^ 

MCi S^l^ ^So^l ^1 ei: 2^I^§4^B2IM S^e^Cf. 

^ ^S2| CH^ Cie Oil 2jmS, SiSxHI ^la^Oil S 01 ^EE^I ^I^SxPK ^4-2J dl^£^ 

2| 6m 21 ^4-2J ^E^!i£i 6m Oil ^ Oiiedl^M £&oife OiieBI^ 0i&il0|2l, oiteai^ CH 

2ilOI^¥EH blM^Oil 01^2^1 §^6^1 mm ^^^121, OilSSIM Oieil0|^¥Ei2| CHI 0| 

El ^#31 Oil2£|^ CH cHI 0| Oil 2] PI 01 El D\mm UI0i6^l mm HIOi^B^I, b|M^, Diiedl^, ®± 
J\2\ S^Bil^ S^I^PJm ?-JH>d2J ^^S||^ SCI 2^1^ ^S6PI ^1^ S^I^§4^B3I, OilSdl 

*J2j PI 01 El ^XIAI^OI Pl^^l (TH , bl^<M, OilHEl^ ^ #^|2J S^BII^ S^afPJM ?-JHd 

2j ^aigy^ ^x-iioife ?-iH<y2j ^^eii^ ^xii^bm 

^ ^S2J 9E CIS Oil 2J6^ ^SEXII ^l&^Oil SOI e^SxIl 7|^SxPK ^4^2J blM^^2| 

6m 2i ^2i ?-iHde2j emoii g^s ^4^2j oiieai^e sssi^ mise.iM oieiioi2i. 
m ^^miimm ^e^Bm, oiisai^ oieiioisvEi bi^^oii di^s^ix^ e^api ^i 
e e^^i2i, oiieai^ oiaioi^¥Ei2i pioiei =^3i Diiea^ cneiioi2j chioiei ^i^e flioioPi 
mm xiioi4-B3i. oiis£i^2] pioiei ^xiaizioi pi^ii (Di, ?-is<y ^§4^B2j ^^£ii^ 2^meje 
^-iH^2i ^^eii^ sa s^i^ g^miimm 2?i^§4&§ 5^cf. 

S ^S2| S£ CIB ^ S Oil 2|o^, SJExll ^l&^Oil S0| 2.^1 ^I^SxPK ^4-2J bl^<y§2| 

6m 2i ^^2j ?-i^<m^oj ai-uoii 2|3| oiisai^e h^s^ oiieai^ oi£iioi2i, oiisai^ ch ai 
oi^¥eh bi^^oii 01^2^1 xim m^o\j\ mm &± e^^i2i, Diieai^i oisiioi^¥EH2j pioiei 
oiiedi^ oiaiioioii2j pioiei D\mm no\mJ\ mm ^ich^bjii. ys^i ^ieoii ¥ai^ J\m&m 
m ^^o\D\mm i\&&m ^^^bjh, oiieai^2j pioiei ^xiai^oi 01^^^ ih, ys^i ^lenj 

S^IM ¥Sil^! ^IBS^I SQ ^£ S^l^ ^§SPI ?lel D\&&m ^§4Bi s&eia. 

SEfe 3 0I2I2J ^ g^SOl , ^ £21 a^2| ^ ^goj a^j^ 

^SOilAi C-i^ ^SoMI XIIAI^a. 
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JHI 1(a) , (b)SEfe g^^l^BI ^ ^§^£1 JH^M dIBoPI ££0IP. 

31^2] 0j| 0UM = , Hl1(a)£M ^Sf^, U¥ aSfiS* Int. Vcc(3.3V)^h ai^ssis^ 
Ext.Vcc(5V)^¥Ei ttgSIH, LH¥2£!2a h Int.Vcc^ ?-IH£ GND(0V)2J S^aiffl AhOI^J 2^:>r OHISEI 
till Oil £J^£]H, /d«±±am« = aiBSW(sub threshold leak)M 2| HISPID n[0\ ¥2^1 Vbb(-2V)M CHI 

OldH«! 0I$*S. ¥2*1 &£|S|£?t gSH }|#0ilAHi=r ifiofSCf. 

0|2f^ S ^SOIIAH^, XII1(b)£§ S2o r 21. d|M£12J *!^2J LSI^OI S|H£2J S^eilB! GNDS3I- 

OmBf, d|M£ SdlXrXI BUHEjIF *JH£2| GNO AtOIOIIAI AHS CHOI GND 

£JI^(VGND)(0.5V)^ ^§3Cf. Ol S^Oil, d|<Mi« ^|H^£J LEHI^(GND)0| d|M£ £=S| LBIIglOII CASK* 
^01^25 ¥(H)S d^0|01^£! SCh 

XII g B82J UimSOII d>e XiM^AIOIIM UEfLH^ ?H^£0|Cf. 

XII 2£S S55f3, m¥*i^(5)£r OilSdl^ 2?|2i S3, Oil S 12, dl^£ £2/^2SJ^(£!>i e^JI 
Sl^). ohS(half) Vcc ^^USil 3E0I 2A°a, SxllSIS(SIH£! qpgsisfe S»SXI SfMOil 

^2|»P)»te ^^01 SID. ^I^OilAH^, L|?£|^(5);[ ^H£2J ^31^011 S^£j0i 

□ aiU 01 ^AlOilOilAH^, CHOI GNO £>ej (30)0il S^SjOi SICK CHOI GND E r 2J (30)0||fe , nxHy ^Xl^ 
£i Tr22J =aiei £2* omsi nxH^ ESHXI^Ei TM2| ^|0|^£f H3I£J0| S^£10i 2JCf. n£H^ M21XI 
±Ei Tr1H[ Tr2^ SIH££| S^SIIS! VssOP 2^£|CK &CK Ui¥ ^£Js $ ^ ruH ^ M^XI^ 

EH Tr22J ^| OiMOil ei^SCL nxfi^ = &X\±E\ TMfe CHOI GND ^£1(30)2] 2*1 Vss'M 3 §e| 
Vthn ^eiCI. 

nau, sgswioii e 2^ oueai^^¥EH sxi^ °m cm. mt>\ di^^sj ^s/^saioii se^ kij 
cHHai^Hj ^si^ eimoi diM^oi i/o ^ejoii s^n hh chi & , ubish m nxH^ mshji 

±Ei TMS/HS* CHOI GND £h£i(30)2| £il^ Vss'M SE| 2^ Vthn E H J2S ^Xlofe 3£ 2^ofCK 0| 
nxH^ egnxi^EH Tr ^ 5^ Oil AH §^[2, CHOI GND ^2J(30)0| §g| 2^ Vthn = gf 

°> Q EH Oil AH dlJH^ £g H^M ^fXPI IH^OICf. 

ofdUH , diM^£j ea/^SAi oinaii^Hj ^Sr^ eimoi di^^oi i/o e> ej chi ehoii 

SI, nxH^ M^XI^Ei Tr2^r Ui¥^^ 6!S <D Oil 9\o\0\ £g£|01, CHOI GND Efoj( 30 )^ xjc| Vss -oj « 
X-il3£^ HI25E2J ^OII£J UEIUi^ E^gJ X^OICf. 

M2E:2\ mo\\s\ m^m mzw sr^oi ^s^ck 



HI3£°J (a) Oil AH 21 ^01, ^ CHEai^ ^^^¥ 1 '-' xs J\ HBil^oj ^@!df0| ^ EH Oil AH ^, LH¥ e 

4>^^ «!3(f )01|AiSf ^01 L2il^0|Cf. ^¥ CHHai^ kAS D\ LBil^S ¥1 , 

xii3(c)£oii sao oiHEii^oii 2\o\o\ m^msin, Diieai^sj §ab di^^o^ 

H, ^i^: e^^l si ^ 1113(d) Oil SA|@ d^£f ^0| LBil^Oi £}CH, g^3Pr S^SfS 

oi in, ^-jH^oii diM^oj ^g^oi ts/^asa. 



&± mm\ mgm&m. oil e&s r 04, u¥°j a j^i <j)^ r asia^ vcc^ ^^a^, ^saizi pizi 

t12| S^^Oil^, ^-J^<y Vss£J S^iil^^ 6f^«[Cf . 

g3r^o^ t 1 1 0il AH ^ , ?-JH^°l ^¥£il^ Vss^ CH 0| (dummy) GND ^2J£J 2^1 Vss' XiSOl ^ 

4:5K)i, 3 ^r^oMI t^Cf. ^IZ! tlOilAH^, CHOI GND Er£J°| 2^1 Vss'^r ?-J^£2J S 

¥91^ Vss e^Oll SA|£|Oi SiXie, dl^^g SS/^SoPI ¥1 1[0\ e 2^^r ° = CCH^Oil n*H^ ^ 
gdXI^EH Tr2Sj ^1,^^25 ej»« HI3(g)£0il SA|£! d^ ^0| CH^§£ ¥^^D. ¥^HJ ^0| 01 
^IZIHI VthnSJ- >|£i §g)^| Bil^OI ^IZf t1M 5 Oil °ioH, nzH^ MgiiXI^Ei 

Tr20il £|S Vss'SJ ¥^0I 

CH^ nxHy M^HII^EI Tr2^f CHOI GND Er2J(30)0il S^£JXI S^H2, CHOI GND £F&J(30) 

21 S^l Vss'^r Xil3(g)2J Stiog aA |^j aol «^ghC|. 

3£l U. nxH^ M^lXI^Ei Tr22J ei8KX »I3(o)E0|| SAI& ^ ^01 ¥^0| ^Xil^ 4= 2iCr. 

ill^e^ 01^ I Oil AH ^, Xil3(e)£0il SAO »g ^^sf^S ' 1 Kg OiH£ll^£J ^^Oil 2J 

5K« S^SfSIH, Kg ^^^01 W£J§fE|D1, ^§ d|^<MO| I/O ^°JOil S^&Cf. I/O Ef2JHJ 2^1^ 
dl^Aio^ o§2, CHOI GND eiei(30)H| 2^1 Vss'^ Xil3(g)£0it AH2f ^0| ¥^^Cr. 

0|£i£h 3<=>0i|£ «A|, ^^s|2i S^OilAH XH^ K§ ' 1 2J I^SfOil iSofOj , Ui¥ 

g^^dS <S>D\ i29\ ?-|H^!2J ^^Sil^2J Bil^ 1 ^ ^§£|Oi ^Xl^Cf. ^1^ ^^!OilAi£ £E£* Ui¥^ 

<J)f I/O £F&1H^¥EH dl^^Oil CilOIEIM Al^Oil Qigor£r ^1^^^ ^IH^j2j S^Bil 

^ Vcc 2| £j|«J^ £**o\0\ aJUM 2g 4^2iCF. 

01 ^1 AH . LH^»4B6!fi <t>2] Elgjo^ e^^i W^I}cJS SE2I lg ^^^6JS ' 1 M 0| ^AjOj|2J 

WIS 
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3£1U, dl^S^ JHAI s° |/o blM<y^2] S^AIS ^ Oil AH tfggj CHU^ LH¥^£ (J) 

§ ^^6h£^ Ahgii 4 91Q. nxH^ ^ XI ^ Ei Tr^ ^IO|M2f SS{I°10| B^SJ^(shor t-ci rcui t 
CHOI GND £feJ(30)01l S^£JCH 912.01 ±±t= VssOil S^SOH 2iCK 

3aU ^|0|M£f H5IIPJ0I B^SI^OIffl ?-JS£j2| ^31^ VssOil H rfc^l- CHDI GND Ef£10il 

pxJi^ mgHXIr^Ei^ Afgi ^£ 2m. 

b|^ 01 ^A|0||0||/Hfe. Ui¥^^6iS e^l2J 6^ 2° I/O £3} d|M^£J S^AIS 

a^oii »«»Eixiet, oi ai§^°i ch^ am oil ah mgmm 4=£ sm. 

»4£fc g ^SSI XII Oil CCf^ X-il2^A|0j|M UEHJIte JH^£0|Ch 

XII 4£ Oil HAI& OI ^AlOilOilAH, M ^ ^ (7) (c I amp circuit)^ XII3S01I 2AI9 ^A|0||2J nxH^ ^Xl 
±E\ Tr22j g^Oil 2JS CHDI GND £f£J(30)2j SilijJSJ XHohM ^Xlo^l ^ISKX CHOI GND 21 (30) Oil 
£|0i 2iC|. 

m^B. SIS(7)te CHOI GND EF2I (30)21 Sfl Vss'M 3ISSB3F blBS^I ?i*l X>g^i*3JS(71 )2f , Xl- 
gg^sJS(71)^^EH2J £>0> CHOI GND EfPJ(30)2] mmm §25fb nxH^ ^SIXI^EH Tr3# 5 

BelCh nXH£ ^SjXI^EH Tr3i= 3ilO|e^ xh§e^SI^(71)2J #«Oil §^£JOi H£il2J£ 2^2 

?l VccOil S^£JW ifc^fc CHOI GND Ef 21 (30) Oil 2^E|0i 91 Q . 

CHOI GND Ef 21(30)2] £11 gj Vss'2J ^IfS^Q 35*. xhSS^SIS(71)*= nxHtg M^XI^EH Tr3^h 

HBil gy §^5f2, Vcc^¥EH CHOI GND Ef°J(30)0j| HSil ^ £is>M e^5h01 01 

M g a SICK CHOI GND £121(30)21 SSI^ &^ohe. »SS^SIS(71)fe: ruling e^xi^EH Tr3M bl£ 
g&EHS 8HQ. Xil3£M SSShOI bF£f HOI, nxH^ M^XI^EI Tr22| £g:>IZl tl t22| J I 

0!^OHxl(mismatch)0|| 2|oh CHOI GND £f2J(30)2j £ilgJ2J XiohM ^XilthCK 

Xil5£^ S VS2I Xil2^S0il CCFS HUtiAIOII* UEhfcHCf. 

Xil5£0il HAI9 g Al Oil CHOI GND Ef2J(30)^ >|2J SIIHI2I S&M SfSWte 3l^2 2, k 

B£ISIS(81)2f. CHOI GND £121(30)21 Sil^g bllHoPI X^e^5IM(8)2f, X^e^SJ 

^(8)^¥EH°J nzH^ M^lXI^Ei Tr3M SS&Cf. nxH^ M^XI^Ei Tr3^ ^IO|M^[ X\mm 

^U^(8)°l ^^Oil n HSilPJ^ CHOI GND Eh PJ (30) Oil S^£I01, 3 ?-JH^^l ^^8il 

^ VssOil g^^Cf. 

OI ^AlOIIOilAH, CHOI GND ^SJ (30)21 Bil^OI a«filS(81 )S¥9 ^^£J^ Pl^S^SCf 

S?, H£il^ X[ee^S^(8)^^Q nxH^ M&HXI^EH Tr3°J ^ilOI^Oil ^CH^Q. 

OI Oil SS8KH. nxH^ M^XI^Ei Tr3^|- £g£JCH , CHOI GND EfPJ(30)2J 2^IM SSaCf. CHOI GND £f 
9J(30)°I ^l^gjaQ §?, X^e^SI^(8)fe nxH^ M^IXI^EH Tr30il £J^ - B 

ma , choi gnd ^pj(30)£i eii^oi ?-j^<yo| ai^ vss'^ ^xi£i£^ eta. 

Xil6£^ ^ ^S2I XII 2^ SOil df^ XII2^A|0jie UEfLH^ ?H^£0|Cf. 

X1I6SE2J ^AIOII^ Xil5£ESJ ^AIOIIHJ ^H^H^AH, X^e^S|S(8)°l m& Xl^Oil £|g* CHOI GND 

eipj(30)2i Bii^^i xmm ansa. 

CH^ ^?X||^o^- t poiSH 01^1- nxH^ e^XI^EH Tr32] ^ilO|M£f CHOI GND EFPJ(30) Ah 01 CH! 

a. 

CfOISH 01 ^h nxH^ ^£HXI^EH Tr3°j H5il°J3l CHOI GND EhPJ(30) Ah OI Oil g^£|^| EH &0}| , 

^[ CfOIS^ D18 SShOI 11 (Oi. CHOI GND E[PJ(30)0| ?|H^£| ^¥£il^ Vss£J Sil^^ £1X1 CI 

oish Di°i «r^a^i(af o.6v)e^M ^^aoi, choi gnd ^pj(30)£i sii^£j xio\j\ ^mm 4= choi 

GND £1-21(30)01 ghS© 2¥IM IffiB ^ 5iC|. 

Xil7£^ ^ ^§£1 Xil2^§0|| CP-E XII3^A|0||M UEfLHfe ^H^£0|C|. 

XII7£0il SAI9 fe! A| Oil & XII6£0il SAI2 ^AIQilOil ^CHAi2J x[§§^SJ^(8)°4 g&X|20|| £let CHOI 
GND £[£1(30)21 2il^ XiohM 3Ha» 30ID. 

CH^ ^X\\™2l^^, C\3iM%} 3\ n Al El (decoupling capacitor) C1^[ ?-iH£oj ^^£i|^^, CI0I2H D1 
21- nxH^ ^^XI^Ei Tr3 Z12J ^HAfOIOil S^SCI. 

ojbh^o^ ( p^Mi! ^HUH A| EHfe CHOI GND E[9J(30)0il S^SCHO^ elQ. 

nam 01 ^AioiioiiAH^, u^sj^(5)sj szroii sie p^hmi! ^h eh ai eh 011 siskx m^s\ 

Oi, CfOISE D12J 

Q> E[ AH , CI5HM1! ^iHHAIEH C1fe SXI2I, CfOISH D12f nxH^ Mg«XI^:EH Tr32J =2|| 212*21 ^HAhOIOil 
S^£|CH, CI0I2H 01 Oil 2Jel «f^SflO||A|2| S4T0I SSSOI, CHOI GND EJPJ(30)21 Xior^h ^Xil^ 4 s 

£ich, pj^^ go, Vss . M jgisea. 

X1I8£^ ^ ^S2| X1l2^S0il CCFS Xil4^A|0j|g UEILHfe ^H^SOICf. 

OI ^JAIOllfe Xit5£0il SAIQ 4!A|0j|2J ^H^^^AH , B 4ib|£i^ X^e^^J^(8)2J MSXI 

2 Oil 2I& CHOI GND Ef2J(30)2i Bil^2J ¥^0I MSD. 

OI *JA|OHfe XII5S01I SAIQ 6! A| Oil 21- X1I2S2J ^JA|0j|2J SBOICf. 

CH^ ^^|^o^^ t nxH^ e^xi^EH Tr4M ?^6hfe x^e^SJ^ § XI SJ^^h xfee^SJ^(8)0il S 
^£|H, nxH^ M^HXI^E-i Tr51f ^P^ohfe ^^^XlSl^^h nxH^ M ^ XI ^ EH Tr32J ^ilOIMOil S^E!P. 
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CH^ ?|5jog^ i nxHy ^XI^EI Tr4^ 3 EaiEIOl »SS^SI£(8)2| «321 S^BX>0|| S^£l 
CH 3 ±^£r S XI 3 CI . nxH^ M^iXI^EH Tr5i= 3 EaiSJOl VccDP S^gDI, 3 ±±$= nxH 

g ^ XI ^ EH Tr32| IfllOIMOII LH¥^£l£!S 4> ^ 2J Ei ( 29 ) Oil £]oKX ^2301 nxH^ ^Ui 

XI^EH Tr42|- Tr52j XlOI^Oil ei^SCK 

fll9E^ X||8£21 ^A|0||2| UEIUj^ EfSxtMOICL 

xiiseoii sao ^aioiisj e^e xii9EM ssoK* gs^cK oiisai^ ch oi chi e en:?* m.m m. £j 

^§^01 AI^SIXU I/O £0| d|M£Oil S^£|}= S?, Xi|9(d)E01l HAI3 £1^: g^JI 

sl m XII9(e)£01l SA|@ &3 »g»£lS ' 1 M g*te ^Al „ X||9(f)E0ll SA|@ y^^dS 

<J)X 2!tHEl(9)0|| 2I8KX ysSIH. nxH^ = &X\±E\ Tr4m £§£ICH, Xh§#^SIS(8)2J S^OI 3X1 
SCK 

LH¥tf»£!S <t>X Lfll^OI § [EH, nxH^ M^XI^EH Tr5^ £132, HBIIS! £!S^ 2?JS?I Vcc^¥EH 
nxH^ SSSXI^a Tr32j 511 OISOII 2JXII3HS 2JXEI01 nxH^ M^XI^Ei Tr3M g^E^toFOj, CHOI 
GND Ef21(30)2| ¥4T0| gJXISC*. 

XHIOEfe S XII 3^ S Oil MB XiM^AIOlIM UEILH^ JH^EOICh 

HI10E2J ^AIOII^ g^:>l(2)2j 40 £ S^3I SNOI LBil^OI £1 CH , CHOI GND 

^21(30)21 SllgJOl 2X12^1 Vss SQ 2*fH Vss'^ ^S£!Cf. 

XII101£g &55f01 0101 bf2f UOI, ojd h ^o^ DRAM 21 e^gSNJII/dte, CH^&I^ 

£ KAS £j §^^011, ojc<M WLOI 01 H £11^:011 SJ ohCM f^sf£|3, Oil2EI*J£J d|M 

£ BLH^ 2££|3 Vl± e^^l(2)0ll 915\0\ m^&Q . 

m^J\(2)S} (4)^ XII101E0II SAI9 nxH^2} pxH^SJ 2JH2] g^lS i*££J3, 

S^3|(2)SI- (4)2| ^ Oil AH, 2JH2J ^^XI^Ei2J ^|0|M2I H3i2J0| AH^ B^S^oHQ AH 
S S^EIOi. 01 SfS^ inzH^I- nxHy = Tr6M SStOI 1/2(Vcc+Vs)01l nxjjy MgH 

XI^EH Tr6X Efl I, £!^g^0| A|*[£13, b|M£ BL2J 0|£2*lxPI SSEI212J B||g!S &£§f£l 
3, XH^I^OI DilSEI^OII ^ty^cf. 

Xil10£0|| SAI^j 0| ^AIOIIOIIAI, plH^ M^XI^EH Tr7^ e^^l SN3f ?-l^^2| ^511^ 

Vss At- 0 1 CHI S^£!CK m^3\ ^mtl SN2J 2^1^ pxH^ M^IXI^EI Tr72J g^JS^ Vthp OI^HS 

SCf. UI¥»«^S d)^ pxHy M^HXI^EI Tr72J TilOIMOil ej^scf. 

XII11£^ XII10£2I g^M UEILH^ Ef^Jx^oiQ. 

xmi£» ssmoi. shoe on sai^ ^aioji2j gzrs flaem. 

r±:§Hdl-Oi ^ EH Oil AH , XHJ 1 1 ( a ) S M S^ShS! . OiHSII^ ^§5" |,;AS ^ Hfill^S ^§£l 

2, CfEUH LH^^^^S <D^ XII11(d)£CHIAH2f ^0| H£ll^^ ^O. LH¥^^^^ <{)p^f nxH^ MgHXI^ 
El Tr621 TilOl^on 2ij\g&\ W^0\\. nxH^ ^^XI^Ei Tr6^h ES£lH, e^^l SN OI 

1/2(Vcc+Vthp)2| BUSS HEIXhXI^D. 

XII11(b)£0l|Al2f ^0|, ^¥ CHEBll^ ^§1" £S kAS ^h Lai XioF£|H f £U^^I 

S sl L&ll^^ XI6H W , LH¥^^6!S <J> ^ LBII^OI @Cf . U^^^^s 0 011 g&ohOI, pxH^ ^ 
gHXI^EH Tr7^h EgEIH. ^^^^01 Al^^Cf. $\±m^l\ SN2J £11^01 pxH^ M^XI^EH Tr2J ' 

2^ Vthp£f X2J SlI^OI £12, HlSSaH, L£il^^2J ^l^g^^l (2)2| ijf ai^^ S 

^ Vthp Oil E&oHl, Oil H El ^011 ^1^3 L£ll^^ 2^ Vthp 21 §e^CK 

XI1 12£^ g ^S2j III 3^ SOII HFB XH2^'A|01IM UEfLHfe ^H^£OID. 

39I12ES] 4'AIOII^ XII19E01I SA|@ ^A|0t|2| ^H^OICf. 

OI ^AIOII CHI AH . e 2^^l ^blS^ S^, 2^ e^OllAH g^6K)l 3 ^51 HXHSM pxH^ 

M XI ^ El Tr70il 21^ Ajj^ss^i rp^^M SN oj 2 ^21 ^X|6^^ ^H^SCK 

CH^ ?ii]|512Sb, pxH^ ^^XI^Ei Tr72J XI 01 SOil LH¥^^S 0^1- XII12E0il SA|g ^ 

^IS §J^^¥Ei ttaeCf. ^^IS Sl^^ nxHy M^XI^EH Tr82} Tr9M S»©Cf. nx«y M^XI^EH 

Tr82J XlOI^Oil^, ^^g^^l ?§6Ja sl 2J 5^¥EH LB||ffi^X|S| ^I^S2t2l Hdl^0|3 3 0| 

21011^ LBll^^^oi moi^s :] D\ ei^^Cf. 

nxHy ^^XI^Ei Tr90il , ^12! t1 ^2121 LB1I^0|3 3 0121011^ HSll^£j^2! HI CH £ ^ d>t^ 2! 

^D. nxH^ M^XI^EH Tr8^ ^^^h SXIS3, nxH ^ M^xi^Ei Tr9fe HSlieiOIIAH 
^£S3JS(9)S¥EH21 ¥2^ -Vbg ^^Cf . Sl^ ^H^e ¥|6F0j ( ¥2^ -Vb^ XII10E2J pXH^ ^^Xl^ 
El Tr72J 2^ Vthp SQ £^£|fe 20| Hfg^oia. nxH^ MgHXI^El (8)2J H5II&J^ nxH 

^ egHXI^Ei Tr92J I1I105E2J pxH^ M^XI^Ei Tr72J ^|0|SOf| ggS^SCK 

XII13£fe X1M2S21 SI^°J §^ V M UEfLHfe Et&XmO\Q. 



HI13£M SSofOl, XII12S0II SAIS ^A|01|2J ^ g e.^ Cf . ^I^e^^l Sl ^1- 

XII13(b)£0||Ai2f ^01 L£ll^ o[^m W, XIICH6IS <|>tfe HSII^^ ^sof3. nxH^ M XI ^ EH Tr9^ 
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S^sjo^, Lfl¥B4B6!S <J)^AH -Vb Ol XII10£2| pxH^ M&jXI^EH Tr70l ^lOISOil fii^SCL 

0I2B pXH^ M^Xi^EH Tr7°1 Eft gOlo^l oHQ, H§i i^AI?*, £]^e^}| ^Stf SN2J ¥& 

oi bxiscl 

ch^ ^xbssss, Laiaioi ?-i££2i s^ais vss°j ui¥g^£is smkcJeoii/hsi- soi hmosoii 

SAI9 -pxH£ ^Xj^EH Tr72J J\\Q\mo\\ Bi^Bfe §?, H2JI2!S¥Ei L2flgiS 8HJS*te tfl^g^l ? 

^£ SN2J HHOI HI13(d)££J SAI@ dh2f SOI SB 5^1 SIH, IHEFA1, H|E£! BL, l ' 1 DLM 

2^1^ X1l13(e)£2J §^25 HAI9 SOI o^ohOI IMS^S »8H»a. 

0121-fe Xil12£0il SAI9 £AI0||£| ±*|£|S|S0ll 216^0}, e 2H}r ;>j^oi £y>.o| A j» A) 

S2J 312 t1 gS*E[ ¥2?l -VbD\ pxH^ M^XI^EH Tr72] ^lOIMOil ei^EIH^, XII13(d)£0il 5A|& 

bh£f soi a^s^i snoi =a*si s^ohoi n^m^m &&*iq. ti 3^ m. nxny = & 

XI^EH Tr8£r *IIO|£i3 71 CHI £|6 r 0| £§92, LH¥»fll£!S 4> ^££2] S^SIIS Vss°l £11^01 S 

a. 

XI1 14£^ ^ g*g£| XII 3^ S Oil EE HI3gA|0IIB UEILH^ BSttMOICK 

0| ^AIOII^ X1I13£M JHtfeh 325, XJI10£2J pxH^ ^XI^EH Tr72j HXi&OM £J2f tU^g^^l ¥^ 
£ SN£| ¥^0I CH^ 2JBISCK 

CH^ ?«|3!o Sfe( a ~ = £r ti!^Sa*0l A| Golfer 3I2> 1 1 0il AH , LH¥^£iS <D fe SSf 212 

t22| SI£#£J S^ailS Vss2J ai^M ^XIoHQ, ^£1 212 13 S2.^ ¥S*I -Vb $\^m ^Xl^Cf. 

X1!12£01l SA|£ nXH^ ^2!XI^EH Tr82J ^lOIMOil^, 212 t1 m X2 SBJB HSii^M ^ 

Xlor^r HI Oi ai ^ oi^gcf, 

Ol ^AlOllOllAHfe, -Vb^l- pxH^ MgHXI^EH Tr7^j }|0|^01l fil^Elfe 3 1 2*0 1 XHM2£°I 4A|0||0||/H 

fiCI CH^ E^H 4* Si 3 1 (ENS Oil, ¥ S?I&»SI£(9)S| ¥B\D[ ^ 2iQ. 

XH15££r S ^S2| X11 4^ SOil OJS HM^AIOIIM UEIUIte }H^£0!Cj. 

X1I15£01I SA|@ ^AlOjjOIIAH, CHOI GNO eil^6i^M m^Ol ^X|£|H. ^^g^ 

Ji:n S^!2¥l Vcc£f CHDI GNO E^2" (30) AhOI £J d|M^ ^-JH^M ^§o[^ ?-JH<^ Sl^ 

°J SXieil^OI ^?ISSIS(12)0II 2imOt SlH^oj ^^e||^ Vss3f CHDI GNO £f2i(30)SJ BIIHI Vss' A^l 

oiiAi ^ixia^ @cf. 

CH^ ipx^o^^ r C|3CH(11)^r ^¥ OIHSI^ <m^m C|3H6m H 

BFOIWdO)^ StHCK ^IH =£F0|tH(10)fe pxH^ M ^XI^Ei (71 )2f nxH^ ^^XI^Ei(72)M S^oHl, 
pXH^ ^^XI^Ei(71)2^ nxH^ ^^X|^Ei(72)2J ^lOIMOil^ ^¥ C|2CH( 1 1 )^EH2J Zl^tl^t 

pxH^ M2!XI^EH(71)o| H5|l2J0il^, §^2^ VppOi 2i^h£IH, pxH^ M^lXI^Ei (71 )2| 
nxH^ M^XI^Ei(72)£i H^I21^ ^-IH<m WLOil S^D 

nxH^ M^X|^Ei(72)^ ^^^F ^^1x1^^(12)011 S^SIH, ^^1 XI SJ^( 12)fe ^^^l^ VssHf 

CHOI GND 5iej(30)2| fifl Vss'M ^^Ixl^Cf. ^^I x|SJS( 12)^ HI16£0||AH2f SOI nxH^ M^XI^Ei 
Tr10£f Tr11M 5^°IQ. nxH^ M^lXI^Ei Tr 102J TIIOIMOil^ LH¥^^<^]S § D[ 21^r£J2. ruH^ 
XI^Ei Tr11£J ^lOIMoji^ Ll^^^i $J\ ei^SP. nxH^ M^Xi^Ei Tr10£f TrllSI H£||2i^ 
XII15SE0II SAI9 nxH^ M^XI^Ei Tr722J r^^Oil S^^Cf. 

ruH^ MgllXI^EH Tr10^ 3 ^^^h ?-]H<y2J ^^£||^ VssOil S^£IH, nxHy M^XI^Ei Tr 11^ 3 ^ 
^^r CHDI GND EI&J(30)£| Sfl Vss ' Oil S^QCf. WL3f til^^ BL3l^j 122 OIL CHI S ei m ( 14)01 

S^SH, dl^<y BL3f ,;| ^ £!^g^:>l( 13)011 g^CI. asiag} Vcc^ CHDI GNO ^2J(30)°1 2^1 
Vss^ ^l^e^^l(13)0il ^Oj£!Ch 

Xil17£^ HI15S2I ^AIOIIHJ UEIUfe ElgjX^OIQ. 

HI15SS SSmOj HI15£2J 61 Al MSI g»S ^S^Cf. 

XJI17(b.)£0il SA|@ OIHfill^: ^^^^ PSQidDOil ej^£lfe S^, ^^^s WD^r S 



OlttH, ^^1x1(12)011 2i^h£J^ LH¥^^6is d>^ XII 17(d)£0il A1 & SOI LEIIffiOl £JH, " ^ Hai^OIQ. 

^^IX|sJ^(12)^ ^JH^HJ ^¥^1^ VssM nxH^ ^^XI^EH Tr722| ^^Oil ZlJlzlQ . ^¥ 
OIHai^ kAS J31 17(a) £011 /H» SOI LBil^OI @ ® t42J 3 EH U 

?S6IS:i Lfill^OI £1^ PI21 t5 S01I. 4> fe Hfill^OI £JH, ' fe LBil^OI 3D. 

^D>^o^ > ^^|x|SJ^(12)^ CHDI GNO E[21(30)2J 2^1 Vss'M nXH^ M XI ^ EH Tr722J ^^Oil 21^h 

ma. 

n XHI17(e)£0i|AH2l- SOI, 9l£<y WL^ xHMOil^ ^H<^2J ^^ai^ Vss ^¥ EH CHOI GND 

Ef2J(30)2j 2?l Vss'S ££olH. ZL 2^ Vpp^ ^^&Cf . 

SB, bl^^ Sl£ £EhOIW2J ^l£^£| S^SII^OI. £A|£|XI aSiXI^. Vss OIHM, bl^aj ^ 
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H2£ Vss fiil^g 9IE2 WLOI xHMOil£f 9IH23 ^^^^ Vss^¥Ei CHOI GND 5f£J(30)2] 

291 Vss'^ ^^ShSCI^h 3 ¥1 X1l17(e)£0ilAH2l- SOI dBSS. 1 Vpp°^ £2JS|°S, £&aB VppO)|/H 
?§6[^ ¥8r^ S^orOl 91 H2 WLOI 3^^^ a^w- 4, ojq 

2^ 9JE =EfO|tHS| 9JHAH^0I S^aUSI^OI CHOI GND 5r2i(30)2J 291 Vss'^ ^9lx|£l£r Xil15£2J 
fe 1 A| Oil SJ-fe &5.I . XII18E0II HAIS 01 *J AlOfl Oil AH , 2^9 9IH HdfOlliiM SSSffe 9-IE ^dfOIWZ 
21 9IH22I S^fill^OI CHOI GND 5r2J(30)£J 291 Vss'^ ^9iXl£JCH, ^91x1 sl^£J geJCf . 

CH^ ^XliajSSte, til^S^I SA1 , SA2, SA3 ^ SA42J- 9iH HBJOIfcH WD1-WD3 Af- 0 1 Oil HHxIS ^ 

4* SI Dil25l^i CH&IOIM^ MC1, MC2. MC30I Cifofb 0US5I^ OifillOlM^ MC1-MC30II 2|2t ^xlEIOI 2A 
P. 9IE2 ?§<y£fe C|3CH(11)^¥EH Ol 9IH E5rO|bH WD 1 — WD3CHI ^CH2P. 9-IE ^5|0|tH 

wdi-wd3^ cHea^ oiieei^ o^aioiM^ mci-mc3°i ?-je^i ^etfa. 

SE&. Vss 21 CH 01 GNO 5r°l(30)2j 291 Vss' A^OIS 91 = = 5rO|tfl WD1-WD32J 9JH2°I ^¥6il^M 

^91 xi 0^1 $\mot, ±?\x\m^ swi-sw3^ gxiam 21 ^91 xi sj^ swi-sw3i= mm 2^2^: vsi-vs30ii 

XiM9£^ X1l18£0il HAIS ^9Ia|£|^£J 81 Oil ■ UEIU^ JH^SOIP. 

XII18£0il HAIS ^9lx|£lS SW1-SW3^ 2|2J XIMQEOII HAIS nxH^ M^Xi^EI Tr122r Tr 13 §y 
£JWEH(14)M S»&P. 

AjE«Ai S BS i nXHg ^£«XI^EH Tr 122* Tr 132] IHIOIMOll ^01X13, 01 M£H Xl^EiHJ Hfiil£J£ 9-1 
E H^OIhH W0I2J 2X12 VSiOP gffg 2^9P. nXWSg ^ ^ XI ^ EH Tr 12^ CHOI GND 

BfeJ(30)2| 29I Vss' Oil S^£|3, nxH^ M^XI^EH TM3fe 3 9JE22I filial VssDP S^S 

P. 

XHI20SE^ HI18S2J S^rS UEf Ul= BgJ XJMOI CI . 

X1l20(a)£M S25fB, 91 E EErOlfcH WD2^h M^2^!2^ 8S20II 2|S r 01 2*111 O, JII20(b)£0il HAIS 
b r 2j- SOI, 9-IH ^drOIbi WD22J SXI2B 9IE22J ^fiil^J Vss^¥Ei CH 01 GND 5r2"(30)2| 291 
Vss'^ Q^mo. 

^¥ P2CH(11)S^E12| 9JE2 ?§6ls WD21^r X||20(c)£OII SAJ9 Al S Oil AH H£il^^ &£o\D\ 2, 
91 H H^OIhH WD20il S^^i 9IH2 WL212f b|2^ 9IH2 WL220I X1l20(d)£0il AH 2f SOI 9IH22J 
5il^ VssS¥Ei CHOI GND B.f£J(30)2J 29I Vss'^ ^^HlCf. 9IH2 ?S6!S WD21^r H^il^^ 
CH , 9IH2 WL21°!0| ^^2^ VppH^ ^^«1C|. 

Ol OCH . X1l20{e)£M ^5ofB, b!2^l 91 H 2 WL22^ CHOI GND Er£i2] 291 Vss'^ ^X|£|H, CCfSrAH CI 
^EHH 5.1 H fill A| ^^(disturb refresh character ist ic)0| s^SFEIXI S^^Cf. 

2&12S BS1Hf BS30I Xil20( f ) Oil AH2f SOI, LfiJISIOPI HH^Oil, 9-IH HdrOIW WD13J- WD3^ 2^£l 
XI Sta. 3 SXI2^ Xil20(g)SE0||AH2f SOI 9-1H22J ^¥fiilH Vss^ ^X|£|3, 91^2 WL13f WL3^ 
X-j|20(h)£0ilAH2f SOI 9JH22J ^¥fiil^ Vss^ ^Xl^iCf. 

X||18£0II HA|£! ^AlOilOilAH, <ll±m^J\ SA1-SA40)! £|oK)l MWE! DilSSI^ OlfiilOlM^ MC1-MC30I Of|S 
AH *!g£l£!a. 

35HU. 9JH22J ^¥fiil^^ OB S2J2J Oil AH ^9IaI^ ^ 91Q. 
XII21£^ S ^S£| X-il4^S0il WtB Al OUSj §^f UEfUifc E|gJX^ 0 |Q. 

33M8SOII HAIS ^AlOIIOilAH, 2^9 M^HJ 9IH22J Lfill^OI CHOI GND 5r£!(30)2J 291 Vss'^f 

m CH, 2^9 M^2J b!2^ 9IH20JI Oiie£|^2j P^EHM 5|HfiilA| ^^0| ^^Q, 

xii2i£0ii Sao ^aioii^ oi &imm jw^^o. 

Q\m =?X]\^£.^, HI21(a)£M &56r3, M^2^2s BS22| ^^Oil iSofOj ( ^9|X|1|^2J #^Sf2 
S 4)2^ X1l21(b)£0ilAH2f SOI 5|2»- t70ilAH°^ Hfiil^M &X\&Q . d>2^r ^^^Oil 0J5L 2 

^@ M^2j 9IH22J Lfiil^a CHOI GND 5[2J(30)2J 29! Vss'^ E!Ci. 

2^i2S BS22J a^o^he) t1£| SUf^Oil, ?HE. ^5f0ltK WD2^r 1^2132, 2^ 

9JH2 WL21^ ^^2^ Vpp fiil^^ ^^e^Ch. #^sf2S 4)2^r t2£| or^^ CH , b|2^i 

91^2 WL222I fiil^^ CHOI GND ^oi(30)£J 291 Vss'S¥£H 9JH22] ^^fiil^ Vss^ ^^it^Cr. 

drdrAH. 2^9 M^Hi bl2^ 9iH2 0il DilSSI^SJ C^EiE 5IHfiilA| ^^£J ^sfM ^Xl^ 4= 

SUP. 

M22^ & ^S2J HI 5^ SOil TtE Xih^AIOIIM UEIUi^ ^H^SOIP. 

01 ^'AIOJI^ XHI4E2I XII5S2J ^AIOIISI 5^25, Oil* 13 ¥^Oil 2J^ 
AH^^fiil^im^(subthreshold)2W°) fiil^XHoF if S^oPI 9ie^ ^^9ie!S]^(sustain circuit )(15) 
m ¥^r^^S S&&P. CHOI GND 5r2J (30) Oil , nxH^ M ^ XI ^ Ei Tr 121 Tr2^r Z1I4S2] A| Oil Oil AH 21- 
^Aror^il S^£I3, HI5£ Oil SA|£J nxH^ MgHXI^EH Tr32f x^eg = §j^(8)^h S^@P. AH ^ Eil ei 5J 
S( 15)^1- SE& CHOI GND 5r£!(30)0il S^^IP. AH^EIieJ SJ^(15)^ ^2^1(16)21 g S SI S ( pump i ng 
circuit)(17)S 5&5I2, ^2^1(16)011 2J5rCN 8*3! Si £3 6! £011 g&5 r 04 @SSi^(17)^ 2^2^ 
VccM CHOI GND Eiej(30)0il B^^^^ SS&P. 

ni22£0|| HAIS ^A|Oj|oj §^ § gg^ci. 
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r^gibrOI £J EH Oil AH, nxH^ ^&X\±B\ T r 1 0il S^S CfO|SH^¥Ei nxH^ ^ XI ^ EH TM2I SgJ- 
VthnHJ aiUOl CHOI GNO 5} £1(30) Oil HISE1CK ttS^K 16)£¥E|£| ttS!S3!0|| S&orOt, Bil2|S(17) 
Oil °Jo^ CHOI GND af&i(30)CHI M±B\21 sH^Dl S^S^ VccM B^5|S£ CHQI GND £}2J(30) 

Oil g^ohOI , 4p^( leakage) Oil 21© AHH^SiKI^H 21? ^2J HIS! WSH S^SCf. 

msm ^EHoii/d^, e 2f?:>h ^aia^ gi^s^i s^eoiiei, ruH^ Mgnxi^Ei irJ\ e§£I2 ( ty^ 

SS!^°J XHSOI XiorEIOJ, CHOI GND £r£l(30)£J ¥^0| HI Oi EJ CH £!^§Sr£| i^E^f S^ffQ. » 

^laoiite, gi^s^i s^iz* oi chi , xrse^sj^tBpi- It^ejch ugsisssroii ajei i/o 

£Fe!^S¥EH ^2JE|£r SoKHI 2|& CHOI GNO Ef£J(30)2J ¥&m SL&olll °J§&t £±?l Vss'M ^X|«! 

a. 

01 zmou 2\mo\, n±u\zmm chdi gnd ai&ioosj ^-ih^si s^ai^sa- ^ ^§§1 a 

fl Vss'2J ^oMI &Cf. 

HI 23^ S g*32| HI 6^1 S Oil CCfE HMi^AIOjlM UErUfe JH^SOIQ. 

HI 23^ Oil HAI9 01 ^AIOIIOIIAH^, H1 101 £011 SAI9 CM Bil 01 s]^S\ V\±m^J\M mg®o[D\ 

SNOI LSI^oi §?, SJH£!£| ^¥3l^£Cf feg CHOI GNO 2?|£| Sfl Vss'£ £ § @ Ch 

oiaiei ^siss, bimsj^(8)2f choi gno ai^ aasisw)^ hissiq. bijnsi£(8)£i e^^^EH 

fe, CHOI GND mm Vss'^r CHOI GND 31^ B«2I£( 19)S¥EI g*£J6rO| SNCHI Bi^rSC*. bl 

jnu^(8)^ sNUf ^issgm dim^a. diuisj^(8)^¥Ei£i rnmow gsoroi ^ 

2 ^XI^Ei^, 01IS MS, CHOI GND £il^ tt^SI£( 19)£Ai Afgl 4^ ^.^^^^I(2)^|- #^lf 
1 CHS tf£*f£l£^ Ir£Sf <iiS:>r d|H4=Ef(8)0|| ^CH£!Cf. H 01^^ SNOI H£|x r X{A| 

oil saixrxi ai^^ ei^i m^oia. 

HI24£*=r HI23££J SZtB UEUHfe EfgmMOIDh 

gaH^I^°l XII 57 EM SrSorOi 0101 b^SJ- 1*01, ?JE£j WLO| HI24(a)E0il AH £f 1>0| 

Vpp°£ CCH . £31 HI24(e)E0IIAi£F 301 b|£d^ BL> 1*1 = 

HI24(b), 24(c)E0il SAIE! til^S^I irgsr£]s SO, S< ' Oil 2|S r 0l Gl^S^lte. 4pr ti!^SSf« 

oitiH. bunsj^(8)^ §^^<m^ soon 9)o\w mgrnziw, vi± =?m& sn°j zu^m ?\m&z v i$ binsf 

II, ^PS^ SN^J BllttOI ^1^2^^ ^eS^I I 1 mi^XI CHDI GND Bil^ ^^S|S(19)^ SSS^I 

SCI. SN°I ai^OI ^1^2^21- 3?, CHDI GND fill ^ I^m|^(19)£| ^Si^g §XI 

an, ^ii^ "sN£i a siash :n axi©Q. 

S^l^o^, ^l^^e^ SN2J 2fl^ ^JH^oj gogii^ sp CHDI GNO 2^1 Vss'^F £IH . b|M£j 

BN°I LSil^ S^l™ CHDI GND Sfl Vss'^h @C}. 

HI25£^ ^ ^S£J HI 6^ SOil HFS HI2^A|0jlM UBfcHQ-. 

01 ^AlOIIOilAH, CHDI GND Sfl Vss'M ^^5^ CHDI GND ^^Sl^(19)fe tfXIEIH. nxH^ M^H 

XI^Ei Tr 14^h m-gmttsi SO Oil £16^04 CCH SN°J 2^1^ CHDI GND 2^1 

vss's aaaEf a»iaa. 

XII23S0II SAO ^'AlOIIOilAH^, ^ >MI^^ = ^|Oi| b|B^^(8)2l CHOI GND Sil ^ ^^U^(9)M ^Xlofe 
5! 01 mQ.o\Q. 

3£HU. Hi25£0il SA|@ 01 £j A| Oil Oil Ai , ofUSJ CHOI GND £il^ ttiSSIS(19)^ ^^e^^lOil CH 

ShCM gfi^ 51^ 2| ^i^# = ^|Oil □mOi nxH^ M^HXI^Ei TrUM ^xlo^ ^0|Cf. 

3£HH^ ( bHxl 21*m f° e ' 4^ 2iQ. 

HI26£^ S ^S2i HI6^S0il CCfg HI3^A|0j|M UEffcJlCL 

01 ^A|OHOil<M f ^g<M SNM ?-iH^oj ^ogi^^ ^SSffe ?§^i CHDI GND Sfl 

Vss'Oil g&ottz 2JW2\ ^x|o[CK 

CH^ zpxi|5jo S ^ t ^l^: ^§>m SNCHI , nxH^ ^ XI ^ EH Tr 152J- Tr 16^ S^£!CI. nxH^ ^ ^ XI ^ EH 
Tr15^ 3 HI25£0il SAIQ CHDI GND Bil^ &^SJS(19)0« S^EJ3, nxH^ M^XI^Ei Tr162J 

SXISCf. nxH^ ^XI^EH Tr15^ Zl ^ilOIMOilAH XII2S^Sr<yS S02M ^H. nxH^ ^^XI^EH 
Tr 16^ n >i! 01^ Oil AH HimSsf^Js S01M 

HI27£^ HI26£0ii SA|@ ^A|0||2J UEIUi^ &%XmO\Q. 

HI26S2I ^A|01|2J §5[§ HI27£M &^o\0\ ^St[Cf. 

tn^e^OI A|3[5fe t80ilAi , XIMlr^a^S S01^ HI27(d)£0il AiSf ^Ol HBil^OI £13, nxH^ e 

gHXI^Ei Tr 16fe EiSCf. 

D SNOI ^JH^°J ^¥5il^^ ^SEIH, ^IZI t8 Ol^Oil HMW^SI^S S01^ L^il^ 

OI a CH rufiy M^XI^EH Tr16S| »S8 SXI&P. ^IZI t90il AH . HI2#^§ld!^ S02^ HI27(e)SE0il Ai2f 
^0| HBil^OI 32, nxHy ^^XI^EH Tr 15fe SSEJD1, ^?S<y SN^ CHOI GND B% Vss'S SSS 

a. 
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CH^ ?x||5jo Sfef n\26^2] nxH^ ^&X\±E\ Jr)6J\ »g£|XI 3*3, £i^§^0l nxH^ M£HX|^Ei 
Tr 15011 2J5H/H^ A|^£| ^«0il SNOI CHOI GND S^H Vss'^ ^SSQS, nxH^ MSHXI^EH 

Tr15°J • ^\o\ ®oy~ ^0 r X|3, nlH^ MgjXI^Ei Tr152J ^25fi= SOI ^sr£IOi, oh^Of ^ ^ 

^o^l 9EK 

^CH^. nxH^ M^XI^Ei Tr 16^h n*H^ M^XI^Ei TM52I glS ij££|3 SiTM SN°J BII^OI 

S?l B^IOilAi SIS^oj ^Ej|gy^ S^CHI^, e 2^Xr^ 9J6TC4 e 4> 919. 

HS, 3API- 3^ or 31 &Ef. 

«I26£M ^56^ , M 1 ^ XII2if£!sr^ S0 121 S02^ XlPjSj^e A[§o[01 ^Ixlti ^ SE& 61 

^:> r bi^^Hj eii^om ®± =?m& sn£j eii^Hj estM euEiSFoi ^ixin ^ sick 

AHI28£i=r £ ^S£J XII6^S0II UrS HI4*J A| 01IM UEItHCf. 

01 ^ Al Oil CHI AH . nxH^ HgHXI^EH Tr17^ XHI26ECHI 2AI9 n*H^ TM52I- S XI AhOI Oil Sg 

^ S^£ICH, nxH^ M^XI^rEi TM72J ^1^ SN°J eil^OI EH ^31 @E|. 

EH^ ^XliajoSfe. nxH^ ^XI^Ei Tr17fe 3 3IOI^r SN Oil S^£I3, 3 HSiiei^ ^ 

HIXI^EH Tr15°| ^^Oil S^£1CH, 3 SXI9EI. 

01 £JA|0j|0ilAiSE 5£ £l , xHgOil^r M^XI^EH Tr 16^h XII1if£sr£i^ SO Oil £|6 r 01 £e£IOH 

Sum ^26r3 3 ¥1 ^liiXI^Ei Tr 15^h li\2mg®£ls. S02CH1 SJorOI #£§[£! 01 ^ = £ SNSJ 

J\ e^XI^Ei Tr17£| S^S^OII £&o r £^ ^2@Cr. 

^bh» /dJ^g^OI >Ml^g^^|0i|Ai PIS 31 S <MJ^: ^e<MOj £j| ~ «r£j£J>|Lr ££j£JX| Sf = 

Ef. • 

3£H°^, 3 Bil^m Pl^SrSP! oh 01 IJfioh 5^ £!^e^PI2J £|3*!flM S^Srxfr 3±0|Cr. M^XI 
±E\ Tr170ll EfOISHM ArgSrOI , S&Oj ^^£jCj. 

AHI28£0il SAIS ^ A| Oil Oil AH , Vss'ur M^XI^Ei Tr 17011 Er 012^2] ^2^011 2JoT01 2 

e 4- sia. 

3£HHS, XII26£0||AH£r ^0| CH □ I GND 31^ ^^S1S(19)M ^x|6fe 50| M^fimCK 

HI29£^ B ^S°J 1116^ SOil WE: Xil5^A|01IM UEILH^ 3H^£0|Ef. 

Xil29£°j 01 ^AlOjlOilAH, ^j^ SN°I 31^^ ^1^2^^ ^1 ^Si^ (20) Oil 2}o\0\ dl333, 

SNOI ^2£l£^ ^2 ^^HXI^Ei Tr 16^ b!3#^0il £|o r 01 XHI OH a ffl ^2 ^Xlr^Ei Tr£J Q 
BE: &± ^^01 Hl^^gfPJ tID MgHXI^EH Tr260il £JSr01 SXIEICf. bi|BsJ^(20)^ pxH^ M^jXI^EH 
Tr21-Tr232f nxH^ ^^XI^EH Tr24. Tr25M H^oT^ □IE-iS]^(simple current mirror 

circuit)^ 



EH^ ^Xi\™°^^, ^gHXI^EH Tr21^ 3 3ilOI^0ilA1 m^mtlSL s< ' m 3 VccOil 

3 ^aieJOi egHxi^EH Tr222f Tr23£J ^^Oil 2^£!E r . M^XI^Ei Tr22^ 3 7i|0|M0i|AH 
Dim^^m y>3, M^HXI^E-I Tr23^ 3 JilO!^ SNOil §^£101, M^XI^Ei Tr22^ 3 H 

aiieiOl inH BM SohOI egHxi^EH Tr24SJ H£iiei, MgilXI^EH Tr26H| ££il9J2f M^Xi^EH Tr16£J ^il 
0| MOil S^^Er. 

^^XI^Ei Tr23^ AM SS^OI 3 ^£il2J0| MIHXI^Ei Tr252J H£il9J^ >il0|M0iI S^£|3, M^l 

XI^EH Tr24^ 3 }|0| ^ MIHXI^EH Tr252J ^| Ol^Oil g^£|D1 , e^xi^Ei Tr242l Tr25^ 3 
SXI^Ef. MgiiXI^Ei Tr 16^ 3 HaieJOl ^P§^ SNOil S^£J3. 3 SXI^ICf . M^XI^EH 

Tr26^ 3 >il0|M0i|AH #^sf<M^ S< ' m ^3, 3 4:^^h S XI ^ Ef . 

oior e^e ^S&[EK 

^l^ ^^^01 1.25V£ ^S£I3, 01IM mo\ 0.5V2J 21^2^01 M^XI^EH Tr22£J ^ilOIMOil 

3 D\^mQ. ^^XI^Ei Tr21^ L£il^ si s ' ' J\ 21?\m CCH £g£!3, ^^iXI^Ei Tr222f 

Tr23£| ^Oil 3^2^ v VccOl 9J^^CF. 

OICH, JI^S^SEr 1 .25V°J 2^Ph ^XI^Ei Tr23£] ^lOIMOil oi^h£!^l dH^Oil, M 

gHXI^EH Tr23e M6K>1 lBa S| A ^j. ^SBXI S^EK 

IfEfAH, A Oil AH £J S^P^ ^0hXI3, ^^XI^EH Tr25^ 2#^r ^^^Ef. 

ffS, MSIXI^EH Tr22i= ^1^2^ 0.5V 01°^ £^£JCH tE Bg H£il^^ ¥^A|^JEf. 

OlttH, LBil^°J SO^r M^XI^EH Tr262l ^ilOIMOil PJ^^£JHS, MgHXI^Ei Tr26^ blSEg^ 

Ef. 

COEUH , ^2 ^^HXI^EH TM62J ^lOl^fe H2il^0| £12, te£jOH ^#^£1 2^IM ^2°^Ef . ^ 

S S^Ph ^0^ [IH, M^iXI^EH Tr25^ ^ ^e£JCH. icH ASJ 2^Ph Hfiil^OI £13, t£ B Oil AH 
21 2^Pr Lail^OI £JCM, gJS ^IdXI^EH Tr 16^1- SN2] 2^IM ^23|^ eXIorSE^ 

*±Q. 

Xi!30£^ H ^S2J All 6^ SOil CEF^ Xil7^A|01IM UEIU^ ^H^SOIEI. 

01 ^'AIOII^ Xil29£0il SAO ^'A|01|£J JHI^^AH , ^&$\D\ ¥S^i SI ^ (9)^¥Ei M^XI^EH 
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Tr24£f Tr25£| ^ Oil 2}D[S\^m & 20ICK 012^. 3|^a&0l 3¥0il^, 5H£!M D|SSI£(20) 

21 e^S^l^F 5t!OJU£^ 9 0i 2PI QCH S CHI , 5H£jM 0|£i2IS(20)2| ?-JSa°l ^^Sil^'M EH ¥2 
AS gSS^^MH 5H£±M DI£|S|S(20)°J S^S^I LHOilAI UlSaiSIOI ^§9^1 dH^OICf . 

*ll31£*r S &92| HI 6^ S Oil mm M8^A\0\\m UEj-Ui ^ JH^SOIO. 

XHI31£0il ^AIOIIOIIAI^, HI29S0II SAO £A|0||0|| UlShOf ^£}X|^EH Tr23Hj Pfl 

0l^2f SN Ah 01 CHI t^aCH, dlUBil^OI 3^0il£, 5H£i^ 01 &iSJS(20)2J S^g^lLH 

Oil AH S^tt 4 2iC|. 

CH^ ^Sl^SSfe, HeHXI^Q Tr23£r 3 ^lOl^^h MgHXI^Ei Tr272j Saiiei^ ZHIOIMCHI S^SIW, e 
^XI^EH Tr27i=r 31 XI ^EH (21 )S BoW ±^01|Ai aSaS" VccM 2>3 3 dl^ ^§£1 SNOil S 

^3Ef. MgHXI^EH Tr27^ EfOISH g^9E5, SN2J S?|fe 3 Bil^OI ^ ^ XI ^ EH Tr27 

Hi gejagJ Vth B!^ A|H^£I3 ^XI^EEH Tr23H1 ^lOIMOil e!^@Cf. 

dlH Sil^SAH ^lofb 3|ga&OI HI 292 Oil SAI9 ^A|0j|MCf a&££ 

01IM IB, 1.0VS SUBIOI AIHM@ *!!^ SNH| a^lfe 5H£!M 01 EH 31 ^(20) Oil 215^01 

3ISa&j» dl3EI3, »S MIHXI^EH Tr16£r 3 blJU^^Oil H|o>01 SKHSa. 

HI32££r S g*gH| HI 6^ SOil Ufa 9^A|0j|M UEfUi^ }H^£0|3, HI33£fe XHI32SH] 3H£M iH^F 
dl3£j^^AH AfgtJEr ^AlOjlM UEftiJCK il!AH(31)^ a^ia^ Vcc2f SXI AhOI CHI , pxH^ ^ 
XI^EH Tr312l nxH£ M^XI^Ei Tr33, Tr35 ^ Tr37HJ ^iS^i SSWte pxH^ ^ XI ^ EH 

Tr322l nXHg ^^IXI^EH Tr34, Tr36 SI Tr38Hi SjB S^M SSWte 351 £!IAH^ 0| 2?H 

£j s^a gem ana dims^ dims^e his»cl 

CH^ ?X||2!0£te f HI33£0ilAH2f UOI , ^XI^EEH Tr352f Tr36HJ ^Hl OlSOii £J^EI3, ^gH 

XI^EH Tr373f Tr38°i S£il°!2i- 0\\O\ = Dt CfO|£S 3^£13, SNOil S^SCf. M^XI 

^EH Tr37£| ^ilOIM^I- ^P§<M SNOil S^£jX| 3?, M^XI^EH Tr372f Tr380l CfOI^H 

2^£JH^ ( tE A2f Bfe 2^ M^XI^EH Tr375f Tr38£| g^lS^ VthOI @C|. 

3 £H U , {ji^ ^P^<y SN^^¥Ei MHiXI^EH Tr37£| ?ilO|M^ 32^1^ ^CHXI^ S¥, kE A Oil AH £J 2 
^1^ &^m3, i^H Ir2^h m.^^ §2! kE AM eShOI ° 2 = tr1 - e^^Cf. 

^^o^ , Ez^ C0ilAH2J ^em. tE COil^, ^2 M^jXI^Ei Tr16£l 3ilOI^^^ 

H£, ^2 ^XI^Ei Tr16^ E^H C Oil AH Hi &?\J\ S^^Oil 0>Ef E§£]2, ?e<^ SN2J 

saea. snsi aasn. s^i^h ^otsoii o>ek EiH aoiiahhj a^pi- □emoi y 

OF XI 3 a# lr 1^ "JS, a# Ir2^ ^^^Ef. ^?§<y SNEJ a^Ph ^l^a^BI X°J ^ 

^19^ S?, EzH Cifr L^l ^ 01 £13, ^a M §d XI ^ EH Tr16fe dl^SEJCH ^SO| HB9 Ef . 

XII34Sfe 5HgjM ^AH£J EF^ OIIM UEfLH^ ?H^£0|Q. 

HI34£0il HAI9 ^AH(31)^ XHI32S0ij SAIS ^iAH(31)M 51^^AH , M^XI^EH 

Tr352f Tr363»h ^^£l(^ «Ch §5f§ HI32SE2J ^gje ^Ai(31)^ 7H2J SfflSJCf. 

X-ii35£^ 3H gj^ ^AH°J Ch^ 01IM UEIUi^ ^H^SOICf. 

X-||34£0il SAI9 31^!^ >yiAH£f d|3o^, XHI35£0il £A|S ill AH ^ MgHXI^EI Tr39, Tr41^°i 

OF L| El- Tr40, Tr42M S&S^ 2^ S^S^Oil S^£I01 ( ^JAH(31)£J aWdPf a^dlBS 

HI36SEfe SI^EilEIAI^ m&m 3H&!M ill AH 2J ^H^SEOIEf. 

®± snhj a^ii= ^aaoi di3a& h sEf ^^iiacN, ^e<y snhj a^i^. ^i^a^ v s 
a ^^ii fe^oi-sa^ ^isa^sci ^:>ii m^sfe ^isej g^o^ oj 5 ^ ^a^ 4^ sip. 

Olfiie ^ae S^o^l ^l of Ol XH36EECHI SAIS Ol ^AIOII OilAH^, 3H^M ill AH (32) SI^EilEIAI^ s 

EH^ ?x||5|0S^, 9H&1M i!lAH(32)2J d|3^^^ XII 0\ 51^(40)^^0^1 E\ gja M^HXI^Ei Tr162J ^il 
01^ Oil ^CHaQ. 3H^^ iUAH(32)^¥Ei°J d|B#^0| HEil^&l §?, Xi|CHSiS(40)^ HBil^EJ <M^g 
M^XI^Ei Tr39°] ^ilOIMOii XHS^Q. M XI ^ E1 Tr39^ 3 H3I&J0I MgHXj^EH Tr38EJ ^i|OI^£f El 

eiieioii s^ejqi , 3 r^^^i- sxiscf . iu^ ^p^a snej a^i^F ^i^a^ aa g?, 

£!AH(32)2J dl3 e^Oil CfEl- ^a M^jXi^EH fr 16fe ili^ ?§ij SN2J S^IM iS&Q. 

0| CLH . XII CH Si ^(40)^ ^ ^1 XI ^ EH Tr39M £S6^I o\B^, Ez^ B Oil AH ss^ M^XI^EH Tr38 

9} Tr39M SofOI a^HJ ^013, 01^ EzH AM e^Ol o = ^ a^SCf P^Cf . ®± ?§ij SN 

Hi a^PF }|^a^ SEf S^, ^&1M iUAH(32)^¥EHHJ dl3#^^ Lfiil^OI 93, ^a Mg«XI^ 

EH Tr16^ %mm 132[C|. dl3e^0l Leil^OI 3^ 5j0il e&oFOI , XI|CHSJ^(40)^ ^^XI^EEH Tr39 

m dissa^ii mo. 

W&M . ErH BS mo\0\ a# Ir 1fe Ez2 AM Smoi a# lr2SEf ^7il93, EzH BOil 

AiHJ a^i^ S^oFW , dl3^l^^ ajxi^o^ Ah^oi, dlinai^HJ SI^EilEI AI^M ^^elEF. iH^E ^ 

§i! SNOilAiHi a^Ph ^l^a^ SO ^ §?, ol^Eil E|A|^ 015^ dl35il^^ EH ^^il EJ 

oi. in^E sN°i aigj£j g^aoi axiaa. 

XH!37Sfe HI 6^ SOil mm e ^SOI OilSEI^EJ CHI 01 El ^XIAI^M Eil^^o^i ^|Sf Eilr^^ Si ^ Oil ^§ 
£i^ 01IS UEIUi^ M^SOIEf. 

^Aioji^ ( ^^<y°i ^^ai^' di^anj s^^i^ a?ie ^^i ^§6F3, ^h^hj ^^ai^ 

£D a^l Vss' °im il!^ ?e<y SN2J a^l# ^§6fc 5^ Oil 2J6F0I ^JEil M&iXI^EHHj AHHii 
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aii4H^ eihs ^ximsE^ soi 

mm, dii2ei^£i chioiei ^xui^e B\±m arb /H^^an-n§2 eibjf °it= 3&2011/H 

£01 Bf^ofCf. 

ndlEf, HI3720II SAIS ^JAIOilOIIAlb Eil^M 2201IAH. ®± ^gfi SNOI ?-|2£2J S^aiSS £3 
92, 220ilAib. CHDI GND EfeiH] a^l Vss'^ 

CH^ ^XUSjosfe, ^&!^ *UAH(31)b 3|ga&S SN2J a^SJ- dimam. blS^^g XHI CH 

3^(41)011 IgelQ, IrgSKJS S02f Efl^M ^Sb XII 01 21 S (41) OH 1S@C}. M^XI^Ei Tr412> 
Tr42£J 25ll°jg ^1^ ^g<^ SNOil S^SD. ^ ^1 XI ^ EH Tr41°J r^Oilb, CHDI GND 2^1 Vss*J\ 73125 
20il SAIE! CHOI GND Sil^ ^£JSJS( 19)S¥EH *IIS9Cr. ^gHXI^EH Tr42b 3 SXISP. Srg 

SrdS SO^h XII 5 B EH. Xl|CHsJS(41 )^ H£II^£J ^XI^EH Tr41£| }I0I^0I| XHI^Shffl , Eil^M 

AlOilb H2II^2J MgHXI^EH Tr42SJ ^| OlSOil H|g°^p. 

miB^. ArSAIOII, 5H£i^ ti!/H (31)011 HJ or 01 SNHJ a°l RISES' £C[ ^2^1 g 

§£112, mgsbttsL S0J\ S^OHb. XHI01sJS(41 ^ ^ XI ^ Tr41M 2g£i:>il am ? 

SNM CHDI GND B$\ Vss'^ gja&CK Eil^M AlOilb. Eil^M £"S:>r XII 01 SIS (41 ) Oil ^OlXlb 3 
¥. XHI CH^JS(41 M^XI^EH Tr42M £13^1 of 2 £!± ^£ SNM SXISili^ 

If El- AH , $|2£ e^xi^EHSJ AHH^ai^l^H EiaaWb B?\o\H, CH BII0I2 0125 (noise) Oil 21© d|£^ 

3EH2^. sina MgHxi^EH£i /dM±±an+i« = Emawb s^ea. 

CQErAH , CI^EH" EIH5IIAI ^£2^ 3e!£]b Oil 2 El *J ^X r 2| CHIOIEf ^XIAIZJ- ejSrEIH, ^£ 

B « Z?h oh^l ^o r 01 ifie! AI^OI 

s ^aioii^ eaH^i^oii hi ahCM , oil e ei ^x r 2j #xi^^oi ci^ehh ^£0ii 21 ska «tasi jw&&q. 

3Ei2^, 01 gA|0» ^§o r 01 Oil 2 El £J 01 ^XIAI^M E^orb S^Oilb, CI^EHH Eil^MOII 2| 

§[ ^XIAIZf^^OI ^H^SJSieg SIQI^Cf. 

CQEfAH , CI^EHH El H EHI Al MOII I2![ AI2*S ^ °1CK EIH^IAIOil CHS? 9I^^M ^l§! A|Z1£| 

^ai CI ^ EH ^ EI^^IAIOll Q\2l Eil^MM ^1 A|Z}£| ^^^f ^^|e[ EXHI^f £!Cf. 

QJEF/H , S ^1 Al Oil Oil 21© Eil^M AI2J-0I ffiol^l BO. 

XHI38£fe HI 6^ S01I df^ ^MO\\D[ 2| Oil 2 El Oil ^§3^ OtIM UEIH1CI. 

HI38£0il SAI9 OjlOilAH, ^^°l CHDI GND Siei(41)S EHI 2 El fi! ( £ A| £| XI Oil2EI 

M^Oil AXIEI3. CHDI GND ^^S|S(19)fe OilSEI M^(50) £J¥Oil gxl£!C|. CHDI GND Sfl 

Vss'^ CHDI GND &4BS|S(19)£¥E1 ^ CHDI GND BfgJ (51)011 ^xl^D. »S M^XI^EH Tr16^ CHOI 

gnd Ef9j (si) oil 2\2] ammo* bHxisin, m^§}tim so^ ^ m£]xi>ieh£i >iioi^cHi xhi s&« cf . mgm 

Ms. SO^h HBil^OI £J^ CHOI GND g-^SI S( 19)^¥EH ^^£l^ CHDI GND 2^1 Vss'= 

<y SNOil Xil^^Cf . 

«I392^ HI 6^ SOil CQ^ ^ g^SOl ^ OilSEIM^Oil ^§£1^ Cfi OIIM UEftHQ. 
7HI3920II SAI^I 01 ^AlOllOilAH, HI2622J ^AlOll^f ^§SCf. 

CH^ ^M^2.^=, d|jnsl^(8), CHOI GND £11 m gT»SIS(19) ^ M^XI^EH Tr15fe Dil2EIM^(50) £i 
¥Oil ^XISQ. SO^ ^CHXIfe dlHSIS(8)fe ^£ SN2I S^IM ^I^S^l d| 

mam, disa^oii def ^^ixi^eh Tri6g ssa^ii am, sn# sxieii^s as&a. ui 

BSJ^(8)^^EH2J XI9iSI^(81)0ll 0|o^ XI9J32, ±^A\210\ ^, M^XI^EH Tr15^ 

£§92, ^1!^: SNBI S^lfe CHDI GND 391 Vss'^ »aSCf. 

111402b 2| nj|2EIM^0il HI 6^ SOII df^ S Cff Oil M UEIt+lCf. Oil2E| (50) Oil 

fe. CHOI GND BffiJ(31)a SX|d(52)0| 2 CHS bHx|£|CH B2, £fei (51)21- (52) AhOIOilb, »S egjjxi 
^EH Tr142f Tr 1601 dHxISIOi Dil2EIM^(50) 2J¥0ilb, dimSJS(8). XI2SIS(81) §^ CHDI GND 

5il^ ^^SIS(19)^F bHxItlOi 91Q. dlBslS{8)b mgmtlsi SOCHI g&oK)1 ^l^2^M ^P^^ 

sn°i afla dim am dim^oii crh el as s^xi^eh Tr 16^1- eseih di^ snoi ?-i2<y °j 
s^Bii^s grasp, dme^^ xi^sis(8Doii simoi xi^sm, ^saizi m^xi^eh Tri4 

fe 2S£IZ), SNg CHOI GND Ef9J(51)°l Vss'-S »S&Cf. 

HI412b HI 61= SOI ^ 0il2EIM^0il S ^§21 2 Cfi Oil M UEftdP. 

39141 £011 3AI9 Oil HI2820II £A|£J &'A|Oj|S| 9{i^0|Cf. 

HI4022I OIIOHAiSf HOI. S Xl£ (52)2f (53)^ Oil 2EI M^(50) Oil dHXIEIH. 01 E^£! MOIOH^, 

SS MSHXI^EI Tr15£f Tr 16 ^ C[0|22S^S M^XI^E-i Tr 1701 bHxOCI. dlHSI ^(8)S¥EH £J dl 
JH^^Oil CLI- El- , £2 M^XI^EH Tr16b ?-!2^£J ^^Eil^^ &a£IH, XI^U^(81)0i! 2|3r01 ^S£! 
^SAI^OI ^, e^XI^EH Tr 15fe 2g£]H, ^^<y SN°i 2^lb ^gHXI^EH Tr 1721 

s ^ a & &]■ = & a @ d . 

HI 42 2 b S ^S2J HI 7^ SOil CCrB H1 1 = A| Oil g UEfLHb 9H^20|Cf. 

HI 422b CfOlU^ RAM2J Oil 2 El ^ mm. ^H^e^¥ ^ £i^g^}| ^e^ISM SAIorOi, ?-i2<^ WL, 
die^Mh bl , '•' . Oil 2 El ^ MC, ^i^^s^i o| 2^^101^ BSA, BSB, 3 HI Oi ^ ^ Bl . pxHg 

e^^i psa, pxny tn±m^J\ =?m& sp, nxH^ ^^e^^i nsa, =?^& sn, di^£ 
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oih^oixi m^. eq. o\mE}o\xi xjichsj^ pleq si i/o w±m ±*\x\ \osm 5&&ci. 

SE& S S*g2| ^SeJ CHOI GND fillil ^^sj^(19)2f aSIiJgJ SIS (power supply voltage "lowering 
circuit)(60m S»aa. asa&SI£(60)fc aSia& VccM XiorSrfe 51 Oil e|o>01 ^FOiXIfe 3SS 

2^ Vcc'M liafDI, 2^ Vcc'^ ^|x|£J^ SW10M Mo^Oi pxHy ti!±S^I?SG s, '0|| XII 

S£!Cf. CHOI GND SllSi ^^aj^^ ?-l = £!£| ^^ejl^SCf CHOI GND 2^1 Vss'M Xil Sofia, CHOI 

GND Sfl Vss'^r ±?IXI2l£ SW11S SSrW nxH^ ®±mm\(2)2\ ^£ SNOil ^xlSJS 

SWIOfer 61s sl 1 Oil SloFOI SESSOi di^e^l ^Stf S, 'M JllOJorOl, ±?|x|SJ£ SW11te 
SU/L2J- SFU/LOil 2Jo r 01 £S£|CH nxH^ 4!!^S^I(2)2| fij^qpSfi SNM HICH^Cf. 

XII43££r ^l42S0il 2AIS £A|0l|2| UEILHifr EISxtMOICh 

XII 43£^ Xl|42£0ii CfOlU^ RAMS] U^S^I UEfUi^ ^fi M^(clock)M SAI&Cf. 

Cm zp^|^o^- ( E*SX*e fe £|^°J<* kAS , ' AS §J An, LH¥ £¥CHH£1I^£!^ RAn, LH ¥ gjg 
CHH£{|^£!^ CAn. °£|C|2H 6!t Si, j , k, &3 H£IC|2H£IS Yi , j , k. O^Ei ^¥(row)61 

3 4>x. 3 CI^EdaOi SIH*! WL2J Md|>l6is 0x131. d!^§Sr Sfi* XIISSJ^ 0| Ljl OIM^S 

Oout ^ ^pE^tf 1 ^ 01 ^ 1/0 ^~ m ^ m S^or^i ^1 ohCM ArgSlfe 61 S CSL » EHOIEl #^ 

XII42SE01I SA|@ £JA|01I°I S^S X1I43SM 3 £8101 fiB»CK 

¥6!, SiT :HI0|^ bSA 3J BSB2r 2¥ £M£JIQ, CHI S ^1 &4(1a, 1b) 01 2H^(2a)01l S^£J 

W. bl^^Mh BL, hl 01 XII43(m)£0il fiAI@ drSf HOI Oli!S*0|X| . sj^(3)0il °i3r01 
VBL(=(Vcc'+Vss')/2)^ H£l XrXI9Cr. CHISSI ^ g^(1a)0l £^EI2 , DilSai^ §^(1b)S 2^ IHIOI 
e BSBCHI 216^01 ^§^1 «HH(2a)£¥Ei S£ISD. 

01^, »I43(1)£0I|/H» HOI WLOI &#or£. QIOIEI^ OUS^IM MC^¥Ei d|M£ BL^ ^m 

£|CH ^!^e^^l(2, 4)S ESQCK nxH^ AH(2)5f If£!£r£J£, ^?l XlU^ SW11fe Xj|43(n)£0il Aj 2r I* 
0| SFU/L. SUL/LOll BlorOj £§£112. CHOI GND Bil^ ^£iSI£( 19)011 £|or01 CHOI GND 

Vss'^ ^^IzlU^ SW11M eSFW SNOII XilSSCf. 

PXH^ £1^^1(4)^ ^^sl£J^ S^, ^^IXlsl^ SW10^ Xil43(p)£0j|AH£J- ^0| 6!^ Sl 1 Oil 2\o\ 
01 2^ ^orS|^(60)0il £|6f01 ^^£1 2^ Vcc'^ ^^|X|SJ^ SW10M m^0\ pxH y £1^: ? 

SPo^ Hlg^Cf. £!^e^:>l(2, 4)0|| SJSrOj, b|^^^ BL, hl 2| ^l^l Vcc' , Vss'S s 

^Ol tiAIOli* SSorOI 0101 ^S§[ dF2} ^01, ^^31^ d|M<yM CHOI GND S¥l Vss'^ « 
g 01 ^ Ail o| ^S^Cf. 

XII 44 , 45£fe S ^g£| 

(D ci eh s aineiiAioii cumoi eisa^i aa> M ^oj b |E^g s^i vcc'^f vss 1 ^ 

H, >I^IOil <y^3XI Dil2£|^01|AH^, Dlieai^ ^^X|^E1 MT£| >ilOI^S^I^ Vss = ov, 

d|M£j BLOI Vss'OVOIH, >^£|XI inHSi S^l^^ Xil44£0il AH 2f ^01 HBii = 2^ Vss'OICf. 0| S^Oil, 
Oiieai^ meHZI^Ei MT£| AHH^eil^lME 2 H( X1l44£0il AH sf^SM SA|)^ BL£J 2^l2f 

£ WL2I S^l^r 2¥ OVei gBHOil blShCM .^^^ 

(2) Oiieai^ M^iJI^Ei MT2J VTMOI ^| ^Sl ^ 2iH 6iSj^!0l »aaQ. ( 1 ) Oil AH ^gsh 
CH^, CI EH M El^aiiAlOU CH6 r 0j ^o^l £|^| HH^OII, OHI S El M MSlXI^Ei MT°I ^^2^ VTM^ g£H 
eC[ ^>il ^ °1CK 3dHH^, ^-JH>fj2J ^^2^ Vpp( Oil 2 £| fl| CHI ^^ol Hfiil^SJ CilOIEfM 
^l^oPI ?I6^ Vpp «IHA| VppVcc'+VTMg °^oHOt bc^l ^§6lb 50| 0\^o\B^, M 

shxi^eisj <m^j^oi s^acf. 

(3) ^^2^ ^as^f ififiSfP. #£H0il^, ^ 9HaiCH ej^^(carrier injection)2i ^§ Oil AH Oil 
H£|^ ^ie Sl^^l^r ¥2^15 ^SSCHO^ 5ilCf. ZldHU, ^ ^ S Oil AH ^ ( Oil2£l^°J ^^£il^O| 

vss'om, ^ie(n)2i 2^i^h ^h^hi ^^eii^ vssoicf. w&m. oiie^i^oiiAH as. Pieg ^ 

m^2.^ ¥2^2J dhOICH^ 2^1^ ^ S 9 CI . ^^SIS^ MlSof^l £IHS, ^dlS^OI U 

^£hCf. 

(4) H mWQ.o\Q. ISSCC 89 Digest of Technical Papers pp. 248-2490ilAH 3HA|£! b[2f 
^01 , P^iee A^Sfe XgOil^ eJ^^(injection)M ^XIo^SE^ ¥2^1 Vbb^ ^ 2^IM ^SoUI. 

M^ixi^Ei2j s^m &&ms.m ^^£ii^ vssm ^^sj^s ?isk^ ^eim m 

□ au s ^soiiAH^, oneai^¥°i di ^ai^ oiieai^sj Leii^oi chdi gnd s^i vss 1 ^ ^ § s n , n 

^SST 4 s Si^il £IOH, Xi|45£0ii SA|@ ^31 ^01 S^£| ^S(twin)^ ^>0| ^ElM S ^S^J 

^l^e 2ACI. 

Xil46-50£^ Xil42£0il SAIE! CfSS l^Sl ^^6^1 ^H^^dOICr. 

CH^ ^Xil^o^fe, Xil46£^ HEICI3CH Xi. j. kM ^^S^l^l^ SJ^g UEfLHH, XII47SE 

Dr^M CI3H6is(master row decode signal) 0xiM ^^6^1 ^1^ SJ^M SAlo^, Xil48£ 
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?-is<y ?§^si g^anJi m& m^m saishi, xhi49£^ sfu/l ^^a^i ^lei si^ 

m RMmH, X1l50£i=r ^ehai^^ g^o^J ^ SJ^M UEIbdCf. 

X1I46S01IAH2} 1*01, LH^ CH££il^£!^ A0-A3fe OIHSII^ tH ft (61) Oil 211\£\H, ^¥ 01H3IA £1 

S RAO, kA,, -RA3, l? * A ' D\ #^£JCH 3 S CHHBII^<M^ RA2, KA - , RA3 ! * A ' D\ ^¥ HBI 

C|3CH(62)^ 21J\S\0\ ^¥ Hat C|3H X1. X2. X3. X4^ C|3HSCf. ^9- CHHS1l^£!s RAO. 

, ' v ", RA1 §J l'»\l fe XHI47£01I SAO AH H P 3CH (63)011 JQI S S Q- . AHH CI3CH (63)01lfe . O^EH S 

4>x^ XllgSJCH 2J3, CHHfill^ds RAO, '* v \ RA1 SI , '" XI Oil e&olOl M H 

C|3CH(63)i= O^EH 4>xg £^of3 <J>x1-(t>x4M 

X1I46SE0H 2AO S£|C|3H<M^ X1-X4^ HI 48 £ Oil SAO ^ C|3CH(64)S HI 3 £112, X1I47S21 

<MS 4>x1-4)x4£i SJ¥£r X1I48£°1 £^ J110I ^ Tr512| ^|0|^^ HISSCK >ilOI^ Tr51^h 61S 

c|) x 1011 SjohOI 3?, ^¥ C|3CH(64)£J nxH^ ^XI^EH Tr54£f piH^ 

XI^EH Tr55M =?£o\S= « = H^OItflg S^OI ^e^S^AH 

Q^Ei 0x^ XII49£0il SAO XI 2 £1^(67) Oil 2]o\0\ XI^SCH AND :>1I0IM(65)2| ^ £J^B 

Oil ^01£]Cf. H£l X1 X33J- X2 X4i= OR ^I0|M(65)M 83101 AND 

3HI0|E(66)2| El* £J^B01I ^OiXIH, AND J\\ 0| e (66)^¥ EH 6!S SFU/L^h HlSSCf. 

X1l50£01iA12j- SOI, ITS S£l C|3H61sl Yi , j, k, IE £A|£1CH 1! U HEI C|3CH^¥EH g 

^133 S3 C|3CH(69)01I SJ^EICH. 3 ^£ £J bl EH (68) Oil SI8KM &}2£|CH CSL dS£/d MSCK 

XII 46-49^011 SAO 01 f^SI ttgtffe X1I43SM S£oh01 Zl&ol tfaSCf. 

Xi)43(c)£0ilAH2f I>0|, LH^ CHHdl^^^ Sn^ CHS 31^ tH HH (61 )^ ^01X13, OiHSjl^ WIH(61)S¥ 
EH XII 43(d) Oil SAO ^Hl S*0| CHHBII^ £!£ RAn^AI i^£jH ^ H£l CI (62) Oil ^CH£! 

O. HEIC|2CH(62)^¥EH , HEICISHdS Xi^^ X|I43( f )£01l AH 2f ^01 ^SCh 

X||43(j)£0l|A12f SOI. D^EH (J>x£f CHH^I^^J^; RAn^^EH, Xil43(k)£01l AH2J- UOI, AH 

« C|3CH(63)^ d>x1-(J)x4e #^&Cf. 

XII48£0il SAI£! C|2CH(64)^ ^¥ HEICISCHe^ Xi , j, kOil IfEf C|3H ^So[2, d 

^ ^I0I^ Tr51fe ^JI (J)xiO|| ISofOj teSCH Xil43( I ) £ CHI AH 2} ^01 ?-jHd ^P^d^M e^^Cj. 
D^Ei 4)x£r XI^SJ^(67)0II £J6K)1 XI 2311, ^ H£|C|2^ X1^ X3 % X2 « 

S X42J OR(fe^imJ-)^ OR ^|0|M(65)^ ?6H2, OR 3I0I M (65)S^Ei2J XI ^(67)^^EHSJ ^ 

^Sl AND^ AND ^il 0|S(66)CHI °I3F01 XII^SIH, >iJS SFU/L^^ Xil43(n)£0|| AH2f ^01 f^^D. 

XII50£M ^56f2, l^g C|3CH(69)^ ITg CH^ai^d^ Yi-YI°J ANDM Xit^S^, 3 
oibHEH (68)0il £|8KX y*j£JCH CSL ^J^^AH #^£!Cf. 

XII51£^ H ^S2J XII 7^ SOil Q>M Xil2^A|0j|M UEfLH^ ^H^SOICf. 

XII51ESI ^ At Oil Oil AH , XII42S01I SAO 2^ ^101^ BSA2J- BSB^ pxUy MgHXI^EH Tr61-Tr640|| SIShOI 

CH XII El 3. Xil42^0ll SAO SSa^S|S(60)^ ^^£IDt, pxH^ £!^e^l(4)£J ? = d S, '0II^ ^^H 
XI^E-i Tr65M SS^OI 2^221 Vcc'^h XilgQCf . M2!XI^Ei Tr612f tR62^ XII 01 6! S BLI' L 01I 2J6f01 XII 

CHEI3, ^^HXI^EI Tr632f Tr64^ XII 01 61 S BLI ' R CHI SISKH XHOI^a. 

X1I42S01I SAO 011^01X1 XII51SE01I SAIEICH SI XI 8Q. 

XII 52 £^ XII51H0II SAO ^A|0||£| UEIUI^ E}^X^0\O. 

XII51S01I SAO ^'AIOIIHI X1I52£M 1,^^01 ^SefCj. 

SEIXfXIAIOil, XII 01 ds: VLIV. VLI'r^ Lai^OI3, M^iXI^Ei Tr61-Tr64^ £g£IDi, U\^& BL. 1,1 

^ 2^1 VBL^ Sai^XOCf. M^OI XHCH6IS BLI'r^ H£||^0| SlU, M^Xi^EH Tr63, 
Tr64^ 

3 fl p X1l52(a)£M l^ofS, ?-1^d WL^ S« Vpp^ ^go!2, CHIOI EJ-fe CHI S £1 M ( 1 )^¥Ei XII 52(b) 

£011 SAO d|^£Mh BL) t'l S a^OCL CHI 01 Eife nxH^ ^1^^^^1(2)011 9\o[0\ , 3 ¥1 pxH 

y ^1^^^^1(4)011 2ISKM #^@CK 

OlttH , nxH^ ^!^#^^I(2)£J SNg ^^|X|(71)M iofOj SXIBII^ VssCHI S^£ID1, pxH^ ^11 

^^|{4)°1 SJ ' ^ ^gHXI^EH Tr65M Wo[0\ SSS^ Vcc'OII S^^CK BLI 1 L^l- 9l£d£J ^^ai 

^ Vss OIHS, bl^d^ BL, ,;| £1 H£ll^^ 2^2^ Vcc'£1 £11^013, LBII^^ ^IH^£J ^^31^ 
Vss fiCf M^IXI^EH Tr61. Tr62£J Vth °}W 

ch^ =?xii^ o^^, ^ih^sj s^Bii^aa g^s^ vth 2im aisi vss'oia. 

XII51S0I1 SAO A| Oil Oil AH , XHI42S0II SAO CHOI GN0 g^ffl£(19)te ii26fC[. 

S£ tt±±^^J\= 2|2| ^^ei|^ Vss VI X\ 2U26I ^g(swing)6FH^, ^SCf, 

XI 1 53 £^ S ^SHI XII 7^ SOII CCF^ XHI3^ A| Oil « UEfLH^ ^H^SEOICf. 
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Ol ^A|01IJ= XII51S2I JW^2.^M , SN, SN 0| 0| M EI0| XH EIH , b|e>d^ BL, , ' 1 £J 2*i 

}|- VBL=(Vcc'+Vss')/2^ 0hL|£f Vcc 72°] 3¥HJ Xil51£2J ^HIS# Cj^CL 

C-\m ?xi^25 Ol A| Oil Oil AH ^ , SNOI ±¥\X\m^(7Dm mo[0\ ^XI^Ei Tr65, Tr662i 

H5iieJ0il S^£iI2, M^XI^Ei Tr65^ ^101^ Oil AH XJIOidS OCM EJ^ISUl SX|£JOj 91Q . 

XI^E-i Tr66i= >ilO|M0ilAi HI Oi d ^ DCM EJ^oLQ ^^OilAi^ CHOI GND Sll ^ S ( 19)^¥Ei °| 2 

*! Vss'M ^ferCL 

HI54£tr HI53S2J ^A|Oj|£J B^m UEILHb EI^X^OICL 
HI53£0i! HAI9 £JA|0i|2j Xil54£M &£oK>1 g S &[ CL 

ttl^^^m M*\m Cli , HI54(a)££l ^¥ CH^eil^ ^M^^^]^ KAS ^ L^l ^ 01 £|H, 01 612^ XI 
2£IOi XII CH <M ^ OC^AI HISSCL 

CH^ ^xll^o^-^ x-iiQj ai^ DC^.h HI54(d)£0ilAH2j- 1>0I Vcc'^ dH , M&iXI^E-i Tr65i= £Sof 

en, &± =?m& snoi ^^ixisj^(7DM emeu *jh#°j ^ai^ vss 31^01 scl 

^, >fli^:S = ^l (2)^h *|H£!H| S^eil^ Vss£f 2£!2*l Vcc'^SJ 2*lx^ e^OL CH^ »^ 

scl 

3 fl, :£S AlZjOl glQfet ^. XjlOid^ 1)1 Vcc'^ g^SKH, M^XI^EI Tr66J|- ESSKH . 2*1 
Vss'^ CHOI GND Bllgj g.^2l£(19)£¥EH &± SN£^ oi^g^ AU^e^^l(2)SJ H£l XUI 2 

CH^ ?XI|2!££ X-i|53£0il 5A|@ ^'AlOIIOilAH^, ^2|£> h Eli Oil AL SN& *IH2°1 

^¥£il^ Vcc' 2*£| 2*1 i^olH, 3 ¥1 ^SAIZiOl S2[2t ^ HI54(f )£Oil Ai£f HOi *-IH2°J S 
^eilga Vss SO ^ 2*1 Vss'21- aSSSt Vcc' A^IOilAH gsreCL 

HI55£^r S g^SSJ HI 7^ S Oil df^ Hi44!A|01|g UEILHfe :>H^£0|CL 

HI55£0il SAIS 4!A|0j|0ilAi . &± SN°| 2*|^r M^Xj^Ei Tr67, Tr680il £|6h01 *-IH££J £5* 

5il^ Vss2J- U 01 GND 2*1 Vss' AhOIOilAi ^*|X|3CL ^XI^Ei Tr67^ XHOJ£IS SFU/LOil SloKH SE§ 
£12, MgHXI^EH Tr68^ XilOi ai^: SU/L01I 2J6^01 Xil Oi S P . M ^ XI ^ EH Tr67^ *IH^!£| ^^£il 

m Vss Oil s^HXI^Ei Tr68^ ^^^F CHOI GND 31 ^ ^^SjS(19)0il S^&CK 

XHI56S& Xil55£0il SA|@ ^A|0||°J §^1 UEfUi^ Ef^^MOIQ. 

Xil56(c)£0ilAH2f ^01, £!^^£J AI^AIgOilAH, SFU/Lfe HBil^OI SiH, M^XI^EH Tr67^ £S 

£12, ^PS<y SN^ *iH2BJ ^¥£il^ VssOl 9Q. 

CLfP AH, i!!^e^^l(2)^ ^IH^l^l ^¥^il^ Vss 21- Vcc' A^ 01 Oil AH S^moj $!±2\ ^^IB^IOil 

AH°| C-\m %t£A\3\H ®±B*tm CH^ HHh = ^| eIQ . 

«l56(e)£g dl^^ BLHj L£il^2*Ph CHOI GND Bll Vss'^ £1^1 SOIL tlS. SFU/L^ Lfiil^ 

01 £12. XilCH<M^ SU/L^ XII56£0ilAH2l ^0| H5il^0| £| CH , MgHXI^Ei Tr68^ £^£12, CHDI GND 31 

^ Vss'^ SNOil ^OiXUH, HIM^ BL. ,u 2J S tH (overswi ng)M ^XI^CF. 

Xil57£^ ^ ^S£J HI 8^ SOil dfM SldlM UEftdCI. 

S ^S^J HI8^S0i|AH^, Xil1{b)£0|| SA|@ S ^§21 XiimSOilAHxH^ *|H<^£i ^^Sil^SCI ^§2 
*l&te CH CHOI GND Sil^Oj ^S£I2 5Eet £l¥ 2§12a v Ext. Vcc SCI ^§S?I^§ LH¥2 

§J2^ Int. VccOl ^£|0L I C^h UI¥S^S^ Int. Vcc 31^21 CHDI GND fill gj A^OIOilAi e^^CI. IC 
^x^o^ DRAM Oiiedl^2J QI0IE> ^X\^^m ^S6F£^ £^£12, Cf^ S*PI- Clf U^¥0il CH6J- 

Xil58£^ S ^S£| HI 8^ SOil □SF01 *l^^2| AHM^SII^IS^ EI32HS UEItdCf. 

Xj|57£0il SAO ^ EH Oil AH , Oil2£I^M 3gol^ bilM^ AI^^HJ e^S^B Ui^S^S^ Int.VccSf 
CHDI GND A^OIOICL QM ^513. b|Md£| L£il^^°l 5J^2il^0l CHDI GNDOICf. *JH<y£J dl^^l 9101 
01 GND Bll B! 01 CL 

^2i^o^ t ^c^oj d |Ai^ ai^oi aiM^oj Laisoii cHmoi scu^o^ CH u^, tjai /d^^eiMSH 
aias^^h oi oil ciisfoi xii58£M ^55^01 ^seha. 

XII 58£^ *IH^2J AHH^BiKI^H £|BS UEIUi^ 5^^AH , ^ilOlM UEfUiH, 

eibswsj Log &m UEiya. Pie 2*pi ^oixixi &e cm *jh^°j Ai^^eii^im^ &ias^^^^ 

a£ SA|£|2, 2.|3S^2J 31^^ SAISCF. ^101^ 2^01 OVeJ §?, AH "^Bil^lMH 2.13 2 

Wfe £l3SWSCf ^>il ^Xl^a. ¥(negative)2J ^lEhS^l^h ^CHXI^ S^Oil^ SA|£! 5}2f 

^01 &®o\W CH^ ^^^P. 

3BHU fe'XIISfe, SAO >12f ^01 ±± • Hfill£J^5J 2^21 oj^|. Ah^^ s^S^Oil UfP ^^01 

^sfs^oi, ^ioim s^oi ovej s^oii^ AHH^ai^i^^ b^ ^naci. 01 ^ eh oil ah , s& 

dl3SW0il am 0^01 »2J HA|@ dIHSWSQ 3^il£J^ 5101 D^o\0\ , 2?l£ 

S }|0I^2*I ^OlZSOil CHe&Q. 

3£HU 01 3^, S g^goj ^goil £J6^01 ^ilOlM 2*PF SDi^^^ ¥(m)S ^S£l^. AH 31^1^ 
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WM, 0\m S^l^h SES CH^ grjl g§H ^ SIP. 

OilM 12, -80mV2| ^ISfSW^f ^CHXI3 , PaaH^ 1£<one order of magnitude) &±&Q. 
XII59££r S XHI8^S CHI P^ XII1gA|0||S UPUI;= JH^£0IP. 

XH59SH ^6^, pxH^ ^XI^EH Tr71{= 2\¥&&&& Ext .Vcc°J P°"01j S^SEJH, 

^ dliaSIS(82)2J #^0il S^EIDI. Heiiejg b|I23J^(82)21 UIBS^BOII S^SH, Hfill&i°^¥Ei 

LH¥aSia& Int.Vcc^ XilS&P. 

d|Hl£J£(82)£f Ui¥2?!2 0 J Int.Vcc^ 3|^a& AM dIBorOI, 2l^aSS& Ext.VccM LH¥aS!aa 
Int.Vcc^XI &o\mQ. nxHy MgHXI^EH Tr72^ EBIieiOl 2I¥ GND01I D\\0\^D\ 
d|IQsl^(82)2| ^^Oil S^SIDI, ±±3r CHOI GNDM S^SHI dl Ha] ^(83)£J b| m 2J & Oil S^3P. 
dim^J^(83)^ CHOI GND2J- 1\&&&W HI j2 8*01, 2I¥ GNDSP E CHOI GND ^lif nXHy M^XI 

^Ei Tr72^¥EH 

Xil60£^ X1l59£0il SA|@ ^1 A| Oil SJ IC S^SSS UPLHH, XII61£iir X|I59£0!I SAI9 ±JA|0j|2J 

a a 21 ^sfm upyip. 

HI59£0II HAI£! 4! Al Oil Oil AH 2f &0| , LH^S^S^ Int.VccM SJ36MI ^XIo^Aj CHOI GNDM AHS 
§6r^ 3!£ *8I ORAM Diieai Ctf£||0| sH^J\ N 0||G£|*J2J §^2^1 CH^ ^AI?JC}. 013 

s onsai ^ chi ^^£i^ amirsi Jtjm&M, ^xi^£2i ^mm arai&c*. 

3EHHS, 01 EH & 3¥0il=, ^3£l^ 2 m if 01 SPI *rNo>Oj, X||60(a), 60(b), 60(c)E0il R 

A|£! ^g^¥Ej CHOI GND2J A|HMg*OII PP LH ¥ 2512^ Int.VccOl AlHM^Cf. 

oia& ^p^oii sis* 01 on2P*JOii ^^£i^ a«*»oi ^xisn, ahh^i^h aiHan:?* xn 59^011 s 

AIS ^3S0j| 2|S r 01 SjXIli! 4^ SIP. 

SESh bhOICH^ a^PI- i^ofH Si E|Ha#i:>r £E2i 3*111! 4- SIP. PPA1, Dil2P^2J ^Xl 

Ol^g LH¥ SSSgl 2 £9 £]££!- CHOI GND gt«j£|£0|| XIISEJ^ 2|^a& A, B2J x^M ^§5^1 ^X|5|- 
£^ XIIOISOSAM M 01 SMI Ol^OiaP. 

CH^ Xil61(a)-61(c)£S SrSofS, CHOI GNDM J\&&% B^¥EH LH¥ 2^12 

a int.vcce eas^i mei ^i^aa a°j ?aa» vb^r ^§of£* ?ifa& a, ^ssoiot &q. 
mm, XHI59SCHI sai^i fe'Aioiioii/d o\mm ^ ai^oi, m^aasa int.vcca choi gno°i 

^ A, B2J AlH^ofg S§S££M1 X^g^l 5§i 4* SIP-. 

Xil62£^ X1I59S01I SAI9 ^^5^1 ¥l& ^1^2^ sJ^HJ OHM PPLH^ JH^£0IP. 

Xil62£M ^^6^ , pXH^ M^HXI^Ei Tr81^ D ^^^^ 2J¥aS!agf Ext.Vcc £f&J01l 2^22, 3 H 
aieJS nxW^ M^XI^EH Tr82°] S£|iei3} pXH^ M^XI^EH Tr832J ^|0l^0j| S^SP. 

nxH^ M^XI^EH Tr82fe S XI £J H ( pxH^ e^xi^EH T r83^ ^^^^ pxH^ M^XI^Ei Tr812j 

^lOIS. pxH^ ^^jXI^Ei Tr85°J }|0|M °j Xi®| R1SJ ^E+Oil S^^P. XHS R1£| EIB8 
a Ext.Vcc Pel Oil S^a. pxHy M^XIr^P Tr83^ SBliejOl nxH^ M^XI^Ei Tr82SJ >]|0IM£f nzH 
y e^XI^EH Tr842J ^IO|M2f HaieiOII S^SCH SAP. nxH^ M^XI^Ei Tr84^ ^^^h SX|£JD1, p 
XH^ M^jXI^E-t Tr85^ Oil AH 21 ¥ 2^2^ Ext.VccS ^>~P. 

pxH^ M^XI^EH Tr85^ Eeil2J0| ^IXI^EH R2, R3S MS^Oj SX|£]CH SIP. pxH^ M^XI^EH Tr85£f 
aiXl^EH R2 A^OISJ ^HS¥Ei , ^Ii2^ Vref 101 Xil^£l2, 7H» R22f R3 M0|2j tHS¥EH ^IfS^ 
Vref2^r XIISSP. 

XII62£0il SAI9 }|^Sa ^^SJMOilAH, nxH^ M^lXI^E-i Tr82, Tr842l pxH y M^XI^E-i Tr83^ 

m 01 y SJSM ?So[2, CP- PAH , p*H^ M^HXI^EH Tr81M emOj 2^ l^ Xi^ R1H molW 

o = ^ aw i2f &p. 

OICH, pxH^ MSHXI^Ei Tr812J ^^^2f XHS R1°J a^l^S^r 1^°^, l=Vthp/R1°^ HA| 

^ 4^ SIP. pxH^ eejixi^EH Tr81 , Tr85^ BJ\, ^ x«y ^^P3, ^ M^lXI^EiM 

esfoi aw^F °ep. 

□ 2H U , pxHy M^HXI^Ei Tr85^ xH^^M ^^6^ pxH^ M^XI^Ei Tr810| nHH 2^?§^^i 31 X\ 
^1 92, pxHy SaXI^EH Tr85M molW m^.^ aWiT^ nl^AH SAIH 4 s SIP. 

CEFPA1, Xi^ R2, R3H So^OI 2Wr nIS/H SAI^ 4^ SlU. 51^321 Vref 1, Vref2^ QI^ 

M i^^P. 

Vref 1 = {(n x Vthp) / R1} x (R2 + R3) 
Vref2 = {(n x Vthp) / R1} x R3 

OlffH. ^I^a^ k Vref 12J- Vref2£J Xt^ Vref 1 - Vref2 = {(n x Vthp) / R1} x R2^AH SA|@P. 

^, ^l^aa Vref 121 Vref2£J X\t= pxH^ M^XI^EH Tr85II mo\W SWOil 2Jej- Xj^ R22J a 

^l^or^/H SAia°^, ^l^aa Vref 121 Vref Z}2| xhOlM ^X|o^ AH Xil^ R32J Xi^M ^Sofb 5^ 
Oil 2lor04 AIHM^F ^^ofP. 
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HI63£^r JII62S0II SA|£j 3|^S& g-^SIS£| DW^m UEItdCI. 

tH« SSSOh | n t.Vcc^ CHOI GND3I- XII62£01I 3AIS S|SS¥E1 g*£!S 31^2^011 ?l 

smoi ^sjh oiiedi^oi s^oii caei s^o^ 3^, ^xh dram oil ah A^gg^ i/2Vcc biM# 

HEI X\X\ ^Si 1/2Vcc 31^ AlHMSr^ 51 01 Hfio^l 3 

ttfEUH, Xil63£0ll SAI@ (Ml Oil AH , R2£r XiS^ 1/2^ ^W6^ 5 Oil XH& R212I- R22£ QUil 

@CK XI S R212I !nHS¥Ei. AH JI^S^MVref 1+Vref2)/2^ ^^SCI. AH^g ^I^SETOII 2 1 

£8*01 1/2Vcc tt£J2|£3t S?, 1/2Vcc fll^S^ gOlo^l 4 s 2i22. ttfBJAH IH¥2 

338* lnt.Vcc2l CHOI SXI DNA^ ESfolfe 3^0i|£, £§*9 (Hit 4- 81Q. 

XII64£fe XII62£0il fiA|@ 3|^2& ttg2|£°l SE Ef^ if it UEUJIte JH^SOIEf. 

XII64£°! £ AlOilfe, XII62S0II SAIS S|£?gO||/H Vref12f Vref20il D\^mo\ 

CHOI GND2I Int.Vcc^ £JA|^ A|*^£J£^ £|0i 91Q . 

CH^ ^X-ll^o^fe, CHOI GND^ SAIS 21 GND2f :H£| MgEIH, 01 £JA| 

Oil Oil AH , ruH^ ^ ^ XI ^ EH Tr86^ Xi§ R30il S^SIIQ, nxH^ ^ ^1 XI ^ EH Tr86£J ^iiOI^Oil^ 81 

± = ^OiSCL 

HI65£i= XII64£0II 5AI9 SJ^EJ UEfLHfe HfgSOICL 

SPHS, nxH^ HgHXI^Ei Tr860il ^CH XI ^ Eil^M differ L^l^°l dlSf&Sf &EH0IH. ^I^S& 
Vref 12f Vref2^ Xil62£9 S£oK>I 0|0| q| S ^ s SSBD. 

aiesiswife, oiieEi*j£i m&m ^xi«[ ^ehojiah Am±±eiKiSH eib^iwm :>^£F6foi tuieai 

GND£ B^(short-circuiting)ohO| LH^SSIS^ lnt.Vcc3f CHOI GND ?}2) 2 ?l Xr M &So^l ^XI6f2 
Ai Ui£lfe 301 D\^o[Q. Eil^M #S^0||^, QI^M^^^f P- A| b|#^sf£JI2, 3ISSS- 

Vref1£f Vref22J S?|?|. OIS£J 2^ £ 3 9 Eh 

HI66£^=r HI66£0il 2AI9 &£I2I£°I Cf^ Oil* UEHJIfc 3H^£0|Cf. 

HI66S0II 2A|£! ^1^2^ Sr^SSISOil/H, HI62SE2J XHS R2^ n^H°l XiW R211. R212. 

R21n^ Xl^S^, XI » R3^ 3 H m^HHJ US R311. R312. R31m^ xl^SD. 

2| XHS R211, R212, R21n0il CHSofOi. 911, 912, -91n^ §^32, XHE h R311, R312, 

R31n0il CHemOi, 921, 922, 92n^h BilOIXH ^£|gj(laser treaming) a§ 

911, 912. 91NM gBoK* 2| Xif>^M ^S^^^AM , ^I^S^ Vref 13J- Vref2^h 5§9 

Cf. 

XHS R311, R312, R31mS¥EI2J asaSKMI 2JSK« 1§9 S&OI ^I^S^ Vref2^Ai m^SiH, D\ 
SS2f VreflHf Vref2 21 2| 2a h o^AH r XHS R211, R212, R21n2f R311, R312, R31n2J ^Z y ^o[ 
Oil 2\mo\ 1§9 S^OI e^ECK XHSSi^ SOIXI^ ^£J S^OhS Oil d> cLh ^Jlo\H dfEUH 2 

XHI67SEfe ^1^2^ til SI £21 SE Of Oil S UEItHCf. 

«I67£0II SAI9 ^1^2^ g-^SJSOIlAi, nzH^ M^iXI^Ei Tr911. Tr912, ■». 91n, Tr921, Tr922. 
Tr92m^ 911, 912, •», 91n, 921, 922, 92m Oil 2j3f S^£|Oi 2iCf . ^51 iBBf^l 2 

Oil, 21^2^ Vref1£f Vref22J 2iS 5§Sf£^ CUB 6^ MgHXI^Ei^J ^e£JOi, Eil^^ ^ J2f^^ 
H, 3 ¥l ^^^l- ^B£|CH ^^°l # ^ °f □ . 

Ola© S? ( nxH^ M^XI^EH Tr911, Tr912. - , 91n, Tr921, Tr922, Tr92mg HB1oK)10|: mo. 

39I67E0II HA|@ *JA|OJ|fe EII^MOil O^U^ §£011 SjSS Si O . 

0119 MS, DRAM 01 SAI2J AhgQXI ?^ ^^011 ORAM DIIS&I«!£| EJH3I AIH MO\o\0\ EIHaiAl 

A|Z}£| oj£1^( interval )0| 5^ ^^^^ f?§£lfe 3 B^ilohOI 0RAM2J S ^(bot t leneck)£J EIH 

BIIAI S2ST2I 4rU| ^^A|€jCf. 

01(01, 4:dl2#e CH^ U£o^ 301 bF^^o^EfS, EIHSilAI M^^HJ ZlEi^m ^61^ 3011 2J 5H § 
^£ 2iCf . 

0|£i^ ^ ^ Oil AH , HI 67^ Oil HAIS £|SJ ^EH^ AlHMo^^ A^gtJCH ^dlSHM 

iii68£^ soi A^ggxi a^fe aineiiAi s^aioii &± oii^j ^h^soief. 

0119 §2. DRAM Oil AH e^OilAH^, ?-|£<MOj AH^^ail^l^^ EIBSW^ M^e^S 2H^oKX B 

®E}M, DIISEI^°J SSfSaoi C S^SSI SJ^Oil ^moi §S^I(constant potential)§ 2§! 

01 StQ XI 2^1*21 2§JSEf ^\ ^SEEfll ^F§e!D. 

oi^, aiseiiAi e^oi ^sa^ sai^ se> soi Aigaxi s^^ ^ehs sxisq. 

OIS4& 3?, 2H^0| aXI a^H CCFEfAH 2H = Oil S|& EIBSW^I e^^F ^XIPI- 3X1 ^^Ef. 

n ¥i, oiiHEi^°j ssfaasi xi a^i^e xioho^ 3011 siskm, nrsBiflisi sersj sji9 ^^i«j 
oi, aeaias ei^ eiaa#°j e^h© sf3ii* 4- acf. 



61-20 



5^0165908 



XHI68E0H 3A|£) fe'AIOIIfe 013© 3^ Int.VccA ^ B2J- CHOI GND £ B 2* SI Ui¥ SSIS^M ±91 XI or 
5|§& 30ICL 

pxH^ M^XI^EH Tr101^ Ui¥ 2^2^ Int.VccAM ^^S^l ?ie }|^£J <i> X1M ^ Oil AH D\\0\ 

^0\\M i^S " ■ H&il°JOI HIjSSIS (84)21 bim °J^B0il §^£JCH d|H^J^(84)^¥ 

EH2J pxH^ M^XI^EH TM032] ^lOISCHI S^SCf . 

e^n^EH Tr 103^ Oil AH 21 ¥ SSlSgl Ext.Vcce 1>I2 b|H2U^(84)£J 315 ^ Eh CHI S 

^£101 LH USEES' Int.Vcc AM Ui¥ Int.VccBM g^oPI X2^ 

dim£1^(85)21 blJn^BOil ^XI2 d|IQ£1^(85)^¥EH2| pxH^ ^ ^ XI ^ EH Tr 10421 3I0IM 

Oil S^SCf. pxH^ M XI ^ EH TM04fe CHI AH 21 ¥ ESSS Ext .Vccg <£H EfillPJOl 

b|JnsJ^(85)2J 3|£ SJ^BOil S^SCH LH¥2£!£!2J Ext.VccbM *Sj&CL 

di:ni£IS(84)2l- (85)2J blJnS^B A r O|0i|AH£r, pxH^ M^XI^EH Tr 102^1- <i>:>r ^OH XI ^ 3101 

^Oil §£?SDh nzHy ^ gH XI ^ EH Tr 110^ CHOI GND eilgjg g^SPI ?l^£!s: Y1M Oil AH 

H. 3101 M Oil AH M^<il^ (J) m a c^OI M^XI^EHfe ££il°JO| d|IQ £1^(87)21 blJUS^BOII S^SC}. 
b|jnaj^(87)2j 21¥ GND Oil S^£|0| 2i = nxUy M^XI^EH Tr 1 123J 3IO|^0il 

a. 

nxHy M^XI^EH Tr 112^ HBilPJOl blllSJS (87)21 3IS gJ^BOII §^£|CH CHOI GNDM m^olQ. CHOI 
GND2J ZUmm ^m\3\ ^If^I Y2i=r di;in£|S(86)2l dlB^J^BCHI XHieSH, d| ESS (86)21 ^ 

^ nxHy M^XI^EH TM112J 3I0I^0|| S^SD. Ol ^ XI ^ EH 21 2I¥ GND Oil S^Cf. 

nxH^ ^ XI ^ EH Tr111$r H3IPJ0I a|jilS|S(86)2| }|^ SJ^BOil S^£IH CHOI GNDBM m^&Q . b| 
jnSj^(86)2f (87)21 blU £J^B Ami Oil ^, n*Hy ^ XI ^ EH Tr109?r Wmtl^i Ol °j:>r£l^ 3I0IM 

oil s^a. 

Ui¥ SSIS^ Int.VccBSI CHOI GNDB ArOIOil^, pxHy M^XI^EH Tr 10521- nxHy M^XI^EH 

Tr 10721 0\L\Z\ p*Hy M^XI^EH TM062J- nxfjy ^XI^EH Tr 10821 QMS\^1\ g^£l 

CH SiCf. pxfiy ^SIXI^EH Tr 10521- nxHy ^^XI^Ei Tr 107^ 3IO|M0ilAi ^j^dl^M ^H, Heil£iOI 
pxH^ ^^XI^EH Tr1062l nxHy MldXI^EH Tr1082J 3IO|MOil 2^£J0j, pxH^ M^XI^EH Tr 106 

£f nxHy MldXI^Ei Tr108^ HfiiieJOl m^°^ A^gQCf. 

XHI69Sfe XHI68£0il SAI& sl^2| UEfUi^ El^x^OICf. 



ArgAIOil^, 4>J\ XHI69(a)£01|AH2f l*Oj HBil^OI EJH, XHI69(b)£0|| Ai£f i>0| LBil^OI SCt. 

HI 68 £21 pxfiy M^XI^EH Tr 101^ £^£1^, X 1 bl IHsJ^(84)0il ^OlXIffl , 0\ 

^ttsi X2JI bimSlS(85)0il ^Oi^iCF. bl^SI^(84)^ LH¥SSS^ Int.VccAM X2f b I Bel- 

li, pxHy ^ XI ^ EH Tr103^ □ #^Oil CO-Ef 2I¥3^2^ Ext.VccM ^^H, 11169(c) £ Oil SA|@ 5 
31 1*01 21 ¥ SSiagl Ext.Vcc fiP LH¥ 221 2^ Int.VccAM m^&tl. 

01 (EH , bim^J^(85)^ pXHy ^^HXI^EH Tr 104M XHIOi6^0i 21 ¥ 22!22> Ext.VccOl XHorQH, d r £rAH 
Ui¥ 2212^ Int.VccA SCf £il^oi LH ¥ 2 212^ Int.VccB^f #^9CF. 



61^ ■ L^il^OI gOil Hf£K nxfiy M^XI^EH Tr109^ £S£JH nxHy M^XI^EH Tr 1 10fe bl 
£S£ICH, ^l^61S Y2^ dimU^(86, 87) Oil ^CHSiCL bl Us! ^(87)^ ^l^<^^ Y2M CHOI GND 21- b|B 
6m, Xil69(d)£0ilAH2l ^0| 21 ¥ GND MCf 2^IM ^rX|^ CHOI GNDAM ir ^ §! Er . 

elS, b|H£l^(86)^ nxHy ^^XI^EH Trill* XHIOio^, CHOI GNDA MQ Bil^2i CHOI GNDA^I- § 

^£!Cr. 

pxHy M^XI^EH Tr 10521- nxH^ ^^XI^EH Tr 107^ Ui¥ 221 2^ lnt.VccB2f CHOI GNDB Z!21 
2^1 V A ^ i^ofi, pXHy M&iXI^EH Tr 10621 nxH^ MgHXI^EH Tr108^ Ui¥ 2^2^ Int .VccA2l CH 
Ol GNDA 2*21 V B ^ SZf&Cf. 

Afgeoi OrH S^Oil, e^6!s2J M^^IS^^ XII70(a)SE01l/d£f ^01 ^§ 3l2>Se» #^£1X1 &o 

<il^ (J>fe LBil^^ SUmiQ, HSil^^ ^s5[01, gxPI- S^^EH^ ^§£112 M^6)^^r 

2J^£ia, ±1^. 4)^ HSil^^ ^§of2, ' £r LSil^^ 6r^^Cf. <D 0\ LSil^OI §011 QJE-K XHI68S 

21 pxHy MSiXI^EH Tr102^ £S£IH, ±lsL HSil^O|£lW, pxH^ ^^IXI^EH Tr101^ b|£^£l 

H, ^I^AI^ X2^|- b|H^(84, 85)0il ^^9E[. 

3EHH^. b|B2J^(85)^ pxH^ M XI ^ EH Tr 104^1- £g£J3lor01, LH¥SS!S^ Int.VccBM 

o. 

s.^, nxH^ ^^XI^EH Tr 109^h bl£S£j^l nxfiy ^ ^ XI ^ EH Tr 1 10^h £ESSH, blBSJM(87)^ nzHy 
MgHXI^EH Tr 112M 5Eg£l3lor01, SXI GNDB 2^IM ^^AIEJD. 

^JJ^o^, pxHy M^XI^EH Tr 10621 nxHy ^XI^EH Tr 108M =?goit: biHH^ Vb^ §^ 

ehCf. 
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gsjSrHs. sxp* vb£j ssr&D. Mgeoi o r y s^Sr, sxpi- v B sci s*is v A ^ § 

*ll71££r dIArg&EH&J S^BI D\B drOIOi^ £&SSISI£21 g^OI XilOi£l = ^A|0||£| £|E|g 

J3I71EOII SAO tiA|0||0||/H. A^g^°J bhOICH ^ SS Vbb^I BllffiS £i¥ GND ^Sag,* 

Vpp2J BHgUg £)¥ Ext.Vcc MP ^orjj , d|A r §A|£j 3IB d r 0|O^ VbbSJ £J¥ 

GND MEF ^2, £gj 2^ Vpp°J aigjg £J¥ Ext.Vcc HEr ^Ef. 

XII72£fe D\B d r 0|Oi^ 2^1 111 CH 5^ 0\\m UEItHCf. 



Xil72£M S£SrS. <MS " £ nxHy ^XI^Ei Tr 13121 DilOIMOil ^Oi*JEL 

ruH^ M^XI^EH TM312J HBil£J£ b|jaaiS(89) SI dim 2J^&0il S^SCK § S#S!(88)£S¥E|2J 
§2W(constant current)^ nxH^ M^XI^EHSJ S£||°J0|| S^£!Er. 

dunsi^(89)^ 3is gj^&oi sxisich ata. bimsj^(89)^¥EH2j m^^ ?\m&w &^sis(90)oii 

S^EIOI, 3iefi*l &til£l£(90)£| nxH^ M^XI^Ei Tr 131^1 4:^011 S^£|3 31© bfOI OH^ 

2^ VbbM #^EK 



X1I69SM SSSrOl ^Set d r 2f 1*01. ArgAIOII £J^> rr L3I2I0I EjOi, nJHg egHXI^Ei Tr 131^1- @ 

^J]|^o^ ( n x H y EgHxi^El Tr 131^1 ±±?}2\ XH&&0I e:?ror3, § SWS (88)°SVE|2| 

2#oM0l ^XilSW , dim£l^(89)2| dim &^l01|AH£j a*?Pr #*eCL dimSI^(89)^ d|B£J^ 

g ^ih^isj £^eiib!3i- bimmn, 3 m^o\ a«si£(87)oii ^oi*!Eh 

(Ir£rAi. *||71£0||/H2r HOI, 2|^2?l &^SJS(87)fe W0\O\± VeeS 2J¥ GND ^3HI © 

P. b|M§eO||^ t 61s. D\ HSII W0| £01, nxH^ MSHXI^EI Tr 131fe EgSC*. 
3dHH^, XHS&OI S^SrOl, § £ W^l (88)^^¥EH Hi 2 = 21 Hi §01 of Til ^EL 

n s:dt. dimsj^(89)£i bin" a^aaoi i^sm. dimu^(89)^¥EH2j m^m am, :?iea*i w^i 

SIS(90)J|- 2J¥ GND fiCf 3|© d r 0|Oj^ V^M EH SO. 

HI73£fe ArMAISf b|A r gA|01l Vbb£J S^Pr C r ^>ll X-i! CH £| ^ Oil « UEILH^ JH^OID. 

pxH^ M XI ^ EH Tr134^ ^lOI^OIIAH $ S ^^^f dimS|S(92)°l dim ^i^BOil S^S 

Of. dimSI^(92)H| dim^^^, SX|£|H ^IIOIH^ ruH^ M^XI^Ei Tr132SJ ^|0IS 

Oil nxHy ^gHXI^EH Tr133°i HBj|°JOII S^^ICf. nXH^ ^^iXI^EH Tr 132^ SXIEI 

CM, nxH^ M^XI^Ei Tr132fe 3 HaieiOII/H § 2 m& (91 ) EH 2\ §2^1 dimU^(92) 

°J EJ^BOil^. £l¥ 2^2^ Ext.VccOl ^OiXIH, bl JHsl ^(92)^¥EH£| 

^(93)011 S^@Cf. 

^^SS- ^^SIS(93)£| m^S pxHy S^HXI^EH Tr134£| H&ll2J0i| VppOl 

§ S^@(91)o^«EH£J nxH^ MgHXI^EH Tr 132011 £§2, S^^h nxH^ M^XI^Ei 

Tr133^£ m^Cr. 0 AfgAI H^I^OI £|°^, pxHy ^gHXI^EH Tr134^ @ £S£|Oi, XH^i^S 

3 Sir, dimSJ^(92)£| d|B^^0||AH£| S&OI Vpp-t r (0| CH r^ pxH^ ^ XI ^ EH Tr134£| XHSM U 
E}tHCr)OI dimSI^(92)^ £)¥ Ext.VccHf b|3EJ^e b|BS r 3, g^S^ 

&^SI^(93)^¥EI ^^2^ VppM ^&1C|. SxPr d|A r gA|0|| 61^ 0 LBII^OI £|fe S?, 

PXH^ MgHXI^EH Tr134^ EH^ £S£ICH. dliSsl^(92)2l d|JH Sj^S^OI XHor^Cr. 

WZ[M. dim^J^(92)^ ^^2^ ^^S|S(93)S¥EI ^3 ^^S^ vPPg ^Cf. 

dF2f gOL XH72, 73£0II SAI9 ^AIOIIOIIAH, ^^2^ Vpp^ g^olH. A r §A|Sj dFOICH^ 
Sffl Vpp^ £l¥ GND MCf S^iaffl, dl AFgAIOil^ VppOl EH ^192, ^IH d r O|Oi^ 2^ 

VbbOI ^^ISIOi, d|AF§A|2J E|H2H:>r ^^^Cf. 

XHI74E& Xil8^S0ll Of^ S ^g 0 | ^g£l^ LSI UEItHCr. 

X1I74£0II SAI9 OIIOIIAH^, =§J& Z?|^S^| BTtilSIS( 100)S VEI ^l^2^l Oil Hf^ 

SSPr SLI£J (X EH SJ^^OII g^£JCH. Sl^^f gJ2J2l ^1 ^1 Oil AH g3»&Q. 

EH ^ ^Pxil^o^^, ^I^S^I ^^S|S(100)fe Xil62£0il SA|£! ^3} ig£§ ^^£ICH, XH^ 

r2, r3. r4^r pxH g M^XI^EH Tr852J HBi|oj3f gX| A r 0|0il AH S^£J3 2| 1^£^¥EH 

Vref 1 . Vref2, Vref3 Si Vref4^f Ef^iaCf. LSIOIIAH, 51^5 A-FOI g££!CL 

SJ^Z 2I¥ 2^12^ Ext.Vcc^- 21 ¥ GND 212] S^l Oil AH g^or3. £J¥ GND 2} 2^1 ^ 

9SIS(111)0II £|5K« £3S 5l5Sa Vref 1CHI ^ISorOI ^§£1^ Ui^ 2^2^ Int.Vcd AfO|°J Sfl 
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o\\m m^^o. 

£J¥ GND2J- 3 §SIS( 112)011 2j5r01 ^§9 Vref 20ii 3|^5 r 0| Ui¥ 

lnt.Vcc2 A r 0|2] 2^ Oil AH S^Cf. 

£JS5 0^ S¥l £§3J^( 113)0]| £]o r 0} VreflOll D\£o\0\ ^§£Jb LH¥ I nt .Vcc3 

3f S?l g§3l£(116)OII ^leSS- Vref30|| 2 IS or 01 ^3£Jfe CHOI GND1 A r O|°J 2 Oil AH SSf©Ch 

^Aror^l, SJ^Z Eg S?|g§£JS(117)0|l °Jor01 Vref30il 31 S or 01 g§EJ^r CHOI GND1 ArOI 

F£r 2?l^32J^(115)0il S\o\0\ Vref30il 3l^or01 LH¥2SJS^ int .Vcc22l 

E!*l«aSIS(118)0|| 2ISKX ?\m®& Vref301l :>|£o r 01 CHOI GND A r 0|£| S^OUH e^&Ch 

XH75£fe & X1I9^§0|| CCr^ Hn^AIOjjM UErfcHCK 

XII75£0il SAO ^ AIOII^ Xil22£0il HAI9 ^A|Oj|£J JHifOICL 

CH^ ^XllSjoS, X1I22£0II HAI9 £J A| Oil Oil AH , Al Oil^r Xr§ e^Sj^(8)2r nxH^ ^XI^EH 

Jr3D\ lf£Sr£ICH CHOI GND £r£i(30)°l ^XlorH, ^@^0| Aldlfe , nxHy M^jXI^Ei 

Tr20|l 2\o\W D SEISS Vthn^^ S 3 H (c I amp)9 Q . 

OldH^ S?, Xre§^sl^(8)°l 31^2°^ Vref^ Vref =VthnO| □ . 

3EHU, ^EHd^oiAIOII^, nxH^ ^gHXI^EH Tr2°i AHS^K!B£ SH^ PJorOI CHOI GND Er£l(30)°l 

biihioi an^mxi xnmacL 

^§011 AH , X||75£0il SAI& £A|0||^ CHOI GND £r£](30)2l Bjl^XHShS SXISQ. 

01 2Hfi nxH^ MSIXI^EI Tr 121& CHOI GND Er2J(30):Qr £i¥ S1S1S& Ext.Vcc Ah 0 J Oil 

CK CHOI GND Er£J(30)°J Bil g| nxH^ M^XI^EI Tr22r Tr 121 CHI 2|SK)j t! £ & CJ . nxH^ S 

gHXI^EH TM212J }|0|e 2Vref^ SSSCf. 

Ur Er AH , nxH^ MgdXI^Ei Tr23 SorOI ° = Am^SH-HSH nxfi^ M£HX|^EH TM21S SoT 

01 °=;= AH^^a ^l#£ 2#£f eeSrHS, CHOI GND Er9J(30)£| 2^3r ^§5^1 ^XIH 4- SACK 

X||76£ = XII75£01I SAI@ 31^2^ VrefJU- }|0| MES" VpM gf^o^l °l^ 3H^£0|Cr. 

XII76£M SiorB, 121)Hr XHS R11 ^ R12^ SlVSSagJ- Ext.Vcc2f £l¥ GND AhOI CHI AH *! 

S^£J2, §2^(121)UJ- XHS R112*£| ££^¥Ei£r, S^l Vref=VthnOI Se*@Cr. 

HI77£^ HI76£0il SA|@ XH1>^ R11 §J R12^|- ^ XI ^ E1 ^ ^^£1™ ^A|Oj|M UEItdCf. 

CH^ ?a|Sjo Si xim R1 1= nxH^ M^iXI^EH Tr122^ □XHSH. H» R12^ nxHy ^^IXI^EH Tr123 
□x-IISCf. 

0| ^ A| Oil CHI AH . ^|0|e( back g a te) dfOIOi^ *±^\^, M^XI^Ei Tr 122, Tr 12321 1>£ ^^Sl^S 
X-1I78£^ S HI9^S0il df^ Cf^ ^A|0j|M UEfUiCf. 

Xil78£0il SAI& 01 ^AlOIIOilAH^, HI75SE01I SAIS nxH^ M^XIr^Ei Tr 121 □ 61 Oil. pxH^ M id XI ^ EH 
Tr125^f 2l¥SaaS Ext.VccHh CHOI GND £hei(30) Ah 0 1 Oil S^ECf. 

0| S¥0||, pxH^ M^Xir^Ei Tr125°J >i|0|M Vcc-Vp^ tttOICH^SCh QE XHI75SHJ 3 

XHI79E& S XII 9^ 2 Oil df^ Cf^ ^AlOjlM UEItHCh. 

X1I79S0II SAO ^AlOjlOilAH^ HI75SESI nxH^ ^^IXI^EH Tr 121 □610II, pXWW ^XI^EH Tr 126^h 2| 
¥SSia^ Ext.VccSh CHOI GND 2121(30) A r 0|0|| pxH^ ^^XI^Ei Tr1262j J\\0\ 

vcc-vp^ broioj^sa^ 5is xii^jsm xhizsest e^^a . 

XHI80Efe X1I78S0II SAI9 ^AlOilSJ ^H^M UEftSCf. 

CH^ ^?^l^^^ > 71101 VpB pxHy ^gdXI^EH Tr1252J 3ilO|M2h Hfill&iOII ^CH&Cf . AH^^eiKI 

21?^ VpS¥Ei i^£JE^, 2^ Vp^ Xll 77 £Oil SA|@ §J^S¥Ei XHI S a CCfdUH 

Ah^^g ^fXIO^ °[CK 

Xil81£^ XII 80 £011 SA|@ ^JA|01|2J 7H^S UEFtdQ. 

CH^ HI 80 £011 SAI& ™ DUO\^ nxH^ ^^HXI^Ei Tr 125^ ^}|OI^£J pxH^ ^^XI^EH 

Tr127^ Ciixll^Cf. 

H ^S2] HI 9^ SOil D>^ ^Al Oil Oil AH, Vp^ Vp=2Vref^ ^§£1^, M^XI^EH^I AH«^B||^|^£ 
g^H^ ^ § & CI . 

3 E-iLf, CHOI GND Ef£!(30)^ SII^B, nxHy ^^XI^EH Tr124°J AH^^eil^l^H S#Ph nxH^ M&IXI^ 
EH Tr 127 pxH^ ^^XI^EH Tr 125°l 9} S^Oil^, Vp9h 2Vref^r OrH S¥Oil£ gJ^or^l ^ 

XI ^ ^ 2iCI. Oiaa ¥1 Sr 01 , 2| M^XI^EH°J 5S§^ 4 s 2iCf . 

X1l82££r B ^S°J XI1 10^ SOil 0>e XIII^AIOIIM UEfLHfe M^£OIH, XII 83£^ Zl m^M UEI 

Uife EliJ^MOICh. 
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0I0I ^Se} U[& 1*0|, m¥£l^(5)2J ^^eil^2?(°J &2im CHOI GND°i BllgJ Vss'£ ^§3fb S CHI 
2I6KW, CHISai ^ MC°I CI^EHM A| AlZHdisturb refresh time)(CH|0|P ^XIAIZ!)0| 1J3HIU 4^ 

2iP. 

ZiaiU. Ol^je ^oKshipment) 0|£°l CI^Em EIH9IAI AIZI2J AIZIOI ^^i£l^ S\U\o\ 

S£ Eil^M d|gO| e^relCf. 

CO- 21 AH . S ^3 21 XHHO^SB, ^^A|£J CI^EH" EIHSilAI AlZfOI 2J ^ XI 5^ AH 01^ 

M AlZfOI U^orEHI e^P. 

X1I82ES »£5fS, CHOI GND 211 @j 22131 £( 19)011 2Jof01 &*S& CHOI GND BUS vSS'^ CHDI GND 
ej-ei (30)011 ^CH£!P. E3IPJ0I CHOI GNO df°i(30)0ll S^EIH, £^;>> sxieiw, ^ioi^oiiai 01^ 2 
E2j £J^M UEILH^ Eil^ SE OIUIOIM <^ 4) testg nxH^ ^ ^ XI ^ EH Tr 12701 g££]01 & 

a. 

§m § ^2E^, Wl §y i-AS ^ £1S kAS fiQ 2XH of^of^ WCBR(Write and CAS Before 

RAS) EISAIOII SSS^ail^ Vcc SP 4= V ^£ H2£MI^O| XI CHHSil^ £!S£ £J ^9 P . WCBR 
if XI § CHSSil^ £!S£2J 22^ ai^2J EJ^OI CI^EH* EIHEHI Al 3^ EII^M SE(disturb 
refresh acceleration test mode)M ^§£i-p. 

^3 EfOISOl g§ Ah 01 S Oi AI^H IH , Eil^^ SE OIUIOIM £JS <t> test g*£S@Q. <ys 

<J) tester nxH^ M^XI^EH Tr 127011 2J^ii Q, nxH^ M2!X|^EH Tr127B &S£JH CHOI GND P£!(30) 
M SlE£2| S^eilil Vss£ tfP. 

0| CEH . &±m^3\SH £^Sil^ 2^|SJ P£JS CHOI GND E||g! Vss ' (0.5VPI- OFU2I, £J¥HUH^^EH 
Elfe ?-IE£2J £¥2ilg| Vss(0V)0IP. 

Hf£rAH, XJI44S01I SA|£! bl^d BL2J 91 SEat CHOI GND SH^J Vss ' (0. 5V) 3r OhUef, ^E£2| S^EII 
^ Vss(OV)^ fiSSIS, D1ISEI*] ^2!X|^EH MT2J ^(bl^£ BL) CHI CHel }| 0| M ( ?-J E£l WL)2| 2¥l 
Vgs^ ¥2^ -0 . 5 CHI AH OVS S^CL Oil S £1 ^ ^2!XI^EH MTSJ AHM EIH^f^r S^rSrW, DilSBI^ 
MC2J CI ^ EH ^ BISBil A| mgm ^SfAl^iP. 

coaf ah P e^oi- oi ses eis. ci^eh* sinaii ai:^ ^^ifsjcn eii^mai^oi i^^p. 

OICHAH, £]S 1 As ^f kAS SP &XH oh£JSr= CBR(CAS Before RAS) POISOI ^PJEIPJ, EII^M EE 
OIUIOIM^s <J> tester o\^o\0\, nxH^ Tr 12701 MSorOI CHOI GND 24- 2J (30)0! PA| CHOI 

GND £11^ Vss'(0.5V)^ ^§SP. H ^1 i^SE^ B^OhZIP. 

HI84£^ S gTSSi XHMO^SOil CLFe XII2^A|01I« UEILH^ JW^ M^EOIH, HI855E^ X-II84ECHI HAI9 
CHOI GND tt«ISI£(19)2l UElUb ^H^£0|P. XHI^jAIOtlSI- §^5fQ. 

3£iU, Eil^M SE OIUIOIM ct) test CHOI GND 91^ 1^^(19)011 °J^9C|^ SOI ^01 

mP. □ 01^^, ^SSI^(19a)e 5&6r^ 0|y oh QHOI GND Bil^ ^^^^(19)011 ^ Bl^^ 2E^[ 
^J^£|0i CHDI GND P2J(30)SJ SfPfh x^H S^o^ S¥0|| Ell^^ EE 0IUIOIM <J) test^ ^ 

2SI^(19a)M SXIor^l ?l& 50IP. 

CH^ ^Xil^E^^, CHOI GND BUS! ^^SJ^(19)fe e2SI^(19a)2f »S £J^(19b)M 3E»&C*. ^2^1 
^(19a)^ ^§#^S|S(71), nxH^ M^XI^Ei Tr3 ^ Tr 129, pxHy S ^1 XI ^ EH Tr128M SSSO. x|- 

ee^3j^(7i )^ yas s^ee^ eh oi gnd eiei (30) chi s^ejh, bi^s °j^ee^[ ji^s^ 

Vref(=Vss')M S^^Q. 

nxH^ MgHXI^EH Tr3fe ^lOI^Pl- XrS§^sJS(71 )2j EE Oil S^£JH f EfilieiOl VccM 
^E^ S^£1D1, ±±J[ CHOI GND dr£J(30)M ^E^ S^&P. nxH^ E XI ^ Ei Tr129^ ^lOIEOUH 
QI^E SE OIUIOIM^i^ 4) teste ^H, EaieiOl X>§#=SIS(71 )2| #^EE0il S^£lffl, ^r^^h 
S XI El P. pSB^ ^XI^EH Tr128^ ^lOIMOilAH 3\±^ SE 0IUI0IM6IS 4> testg E^ieiOIIAH 
2^2^ VccS g>SW, ^^^h x^e^SIS(71)2J a^lEE(71a)0il S^SP. 

»SaiS(19b)fe nxHy M^IXI^EH Tr 1 ^ Tr2M H^^P. nxH^ MgHXI^EH Tr 1 ^ Tr2^ SSII°JOI S 
¥ CHOI GND P £!(30) Oil S^SDI, S^ SXOP. n^H^ M^XI^EH Tr 1^ 3\\0\m?\ CHOI GND 

P2J(30)0il S^SIffl, nxH^ M^XI^EH Tr2^ ^lOIMOIIAH LH¥^^^^ <t> S 2>=P. 

9I^E SE OIUIOIMdm 4) tester S^EEOilAi LBH^ei S^, pxH^ M^XI^Ei Tr 128^ HSgil, 
nxH^ egHxi^E] Tr 129^ &EESP. pxH^ M^XI^EH Tr 128^h §±££J£, 28!2¥l Vcc^h X^^^SJ 
^(71)21 2^EE(71a)0]| ^CHXIH, Xl ! B^^m^(7])J[ i^^Cf. 

CHOI GND afei(30)OI ^l^^^l Vref SP y^l£JS, Xf^g^SJ £(71 )S¥EH 2] #^0I H£il^!0| £|0i nxH 
MgdXI^EH Tr3^f 5011 £|6 r 01. CHOI GND PeJ(30)OI ^SE!P. CHOI GND BJt 21(20) 2\ Sfl 

^h Vref SP ^§#^SI£(71)£¥E1S| ^0| Ldl^OI a CH nxHy M^XI^EH 

1(331 H25 £ICH, CHOI GND Er£J(30)£l ^201 §XI£!P. 

0I^E SE OIUIOIM^s 4) test^l- Ejl^M SE0IIA1 Hail ^ 01 £JS, pxH^ ^^XI^EH Tr 128^ © 

2592, nxH^ ^^XI^Ei Tr129^ 0SE!P. pxH^ ^^Xlr^EH Tr 128^ e2H£IS, 2 ^2^1 VccM 
x^#^sl£(71)£| 2§JEE(71a)^ PJ^ro^ 5101 §X|£|H, ^§e^SIS(71 )?\ bl&^§f@P. nxH^ 
M XI ^ EH Tr 129^h e££JS£, Xr^g^SJ£(71 ) °l i^EE^ SXI£ICH, nxH^ E^IXI^EH Tr30| © 
EESP. 
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WZ\M CHOI GND Ef°J(30)2j £20| SXISCf. »aS|S(19b)2J SSrg HI2E01I 3A|@ CHOI GND £11^ 
til 21 £21 ^oh°S 3 ^gi gj^Cf. 3^ 2E1 gSorH XH^SSf^l 91 & AIZ.^ XI1 1 

^' A! Oil 21 i^'W, HM^AIOIISJ- ^Met £>Hr# 4= SiQ. 

HI86Sfe & ^ h g2J H1 10^ S Oil 0>a HI3^A|0j|M UEHJIte M^EOIQ. 

Ol ^AlOIIOllAife, HI1 SI HI2^A|0||2f*= gai , ^JOIMOIIAH Eii^M SE 0IUIOIB£!£ <$> testM nxH 
^ egHXI^EI Tr 127^h ^S£ t*g£JXI CHOI GND Er°i(30)M ?-1S£!2J S^Bil^ Vss£ SPI ^161 

01 OIQI CHOI GNO Bllfll Bt £ 21 £( 19)011 ?blS S A r 0IS2| nxH^ ^^IXIr^EH^h A r g£}Cf. 

^AlOjlCHIAH^ LH^^^ai^ <j>^ nxH^ M^XI^EH Tr22| PilOIMOjl £J £1 XI B , U^g^S (J) 
2f Eil^M 2E 0IUI0IS6!£ d>test^ NOR RP(130)ES £J^£|H, NOR ^|0|^(130)£| 0| gAIOII 

CHI AH nXHg M^XI^EH Tr22j JIOIMOII ^^BO. Eil^^ EE! ggoHQ XHtt38r?l ^ AlZrS 

HM^'AIOII Oil AH £f SUSrCt. S& S^OII/H. Ell^M SE 0|LJ|0IM6]S <Hest?t L£il^O|°^, nxH^ M 
gHXI^Ei Tr2fer UI¥&»£!S (j)Oil 2|S r 01 HI CH @ Q- . 

ZlE-iU, S^OI Z> r ^ Ell^e SE AhOIMS SCH^Hl. EII^S EE OlHIOISdS (J) tester H£1I^0I 

CIS, nxHy ^XI^EH Tr22| ^IO|M^ UWBf«£!fi <t>2J gEHSr © 318401 Hfill^OI @Cr. 

m&M. nxH^ M^IXI^EH Tr2^h ESSICM, CHBIIOI ErB(30)M ?-JE>d2| M^BHS Vss^ BJI&Cf. 7311 
^A|01IO||AH2f ^AFel m_J!\Jt «A| 01 ^ A| Oil CHI AH SE UEftfCI. 

HI87Efe £ B*g2| H1 10^2011 CCrM H|4^A|0j|M UEILH^ JH^EOIOI, HI89E1= U gSTS UEILH^ 

&a»ioip. 

01 £JA|0||£| }|s^oi sjgzpgg a^j jg Mi 2 §J 3^A|0j|0i|Ai£f i°^oP, XII87E0||fe EA|£|CH Si XI 
StXIB, CHOI GNO am Br«aiS(19)a nXH^ egHXI^EI Tr 127 SE© ?d|EI01 aia. 

Ol ^! A| Oil CHI AH ^ , 0\m 01 £1011, nxH^ M^XI^Ei Tr 13001 ^dl£IOi, E 31 £1011 AH 2^2^l VccM 

£^ CHOI GND £l-oi (30)011 ^lOIMCHI AH g| X g^6J^(one shot pulse signal) 

(J> test'S i*teOII 01011 ^orOl^r ^ir^Ch 

nXH^ ^ ^ XI ^ EH Tr130^ EII^S SE01IAH ?-!E£2J S^eHS! Vss(OV)^ Elte CHOI GND ErPJ(30) 

m El All e AhOISAi CHI S4T2I CHOI GND Ell m Vss'(0.5V)^ £IMEI^ fiSSCf. 

e^M ^S^Cf . 

Eil^M SEOll/d, Eil^e SE OIUIOIM <J> test^ HfiHSIOIIl, nzH^ ^^XI^EH Tr127^ S£| 

01, CHOI GND E r ei(30)^ ^IE<y£| ^¥£11^ Vss(OV)^ 8CL 

3 fl f =^0| XI1 1 ^ A| Oil CHI SA|£! EIOI^'OIIAH EIAII^ AfOIMS MCH^^ , Ell^e 2E OIWOIM^s 
4> test LEll^^ S^^orH. nxfl^ ^gilXI^EH Tr127^ @2H§Q. Ell^M EE 0IUI0IM6JS 4> test^h 
or 5! Oil Pl^orOI, ^ X 6Js (J) test ^^£1CH nxH^ M^XI^EH Tr130£1 >1I0IE01I ^^BO. 
mSSrOI, nxH^ ^^IXI^EH Tr 13001 £192, CHOI GND E[9J(30)^ »£| CHOI GND £11^ Vss'(0.5V)^ 
9Cr. nxHy M^iXI^EH^F ^2 M^XI^Ei Tr130S A r S£JXI°f. pxH^ M^XI^EH^r Affi 4^E 2i 

a. 

3 EH U 0|£ie S¥01l, SI ^ li^Ajs 4>test'M 2iD. 

XII89E^ ^ STS°J H1 10= SOU df^ HI5^A|01IM UEfLHfe ^H^ M^EOICf. 

HI89ES §5o^, 01 ^AIOII Oil AH Ell^M SE 0IUI0IM6JS d> test Oil Or El- ^^|X|6^ ^^1x1(132) 
?b|£JCH 

^^lxl(132)°J ^^Ixl &XK132)^ CHOI GND Bllgj ^^SIS(19)°J #^Oll S^£i3 Ef^ ±Z\X\ B 

XKl32b)^ SXI& £J¥IIHE( 131)011 gg&XKl32c)^ CHOI GND £h°J (30) CHI S^^Cf. 

ai^M SE 0IUI0IM6JS d) tester g^EEOil/H LBll^9J S^, ^^1x1(132)21 ^SBXK132c)^ 
±flXIBXKl32a)0il CHOI GND EI&J(30)S CHOI GND BUS! Vss'^ ^S^ICr. 

611^^ SE 0IU|0IM6J^ d)test^r ^r^ EII^M SE01IAH H&I^OI £J , ^1x1(132)21 
SeBXKl32c)^ E}^ ^?|xlBXKl32b)01l S^SH. CHOI GND Ef9J(30)^ ^lE^Hl ^¥Bll^ Vss^ M 

^^I Xlizr HI90ECHIA12f »0| 2^H°j nXH^ M^XI^EH Tr 131 91 Tr132^ 

nxH^ M^XI^EH Tr 131 ^ Tr 13221 ESH2!^ ±$\X\ BXK 132b)» (132am ^ ^§8rH, S^ 
^SBXK132c)^ ^Iga^DI, >1I0|M^ ai^M SE 0IUI0IM6J^ (t) test 21 M 2^ ^^Cf. 

01 ^AIOIICHI/HE, HI1^A|01IOi|AH2i- ^Af§[ S3fS ^ 2^Ef . 

01 4'AIOII^ Hi4^'AI0||2| 4= xUCr. 

HI91Efe S ^§2J H1 10^ SOU [QB HI6^A|01I Oil WtB ORAM S UEILH^ M^EOICH, HI92E^ 

3 ^fi¥l ^CHSfOI UErUIH 

HI91E §k! HI92EM &56fS, DRAM ^4=2J OlISEI^ OH aiOl ( 141 )2I- H M0\0\\ gxl@ ^^SJ^S 

^(142)^ 

2| OilS El £J CHaiOI(141)^ S^^E^ bHx|@ ^4-2J AH« 013101(143)21 ^^^ = 9|2J ^B ArOIOll «H 
Xl S ^^21 >i!i^e = ^| «HE(144)2f, ^¥ C|3CH(145) * C|3CH(146)M S^^D. 
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oieiioi(i43)^ «(£*):» g(&ms mx\B ^4*21 oii2£iia2Ai£ixi %m)^, ^ sou at>\o\ 
hhxis ?-j2<y<?ui£ixi ate) §y ^ ^oii oimoi uhxiei uim£^ bl. ,;l m s^o. 

eHE(i44)^ 2| « on cuesfoi m xis £i^e^:>i(2)s s^mn ^ *ti^e^:>i(2)i= cnga^ 

i=r d|E£& BL, M Oil 2^9Cf. 

2| Si^e^l «H2(144)2] £H^e^l(2)z=r ^e<!d SNOil g§25 §^3C|. ^ 2 m ^ ( 142)8 

CHOI GND 91^' I^£J^(19)01I 2J6F01 CHOI GND 91^ Vss'^F ^0]X|^ CHOI GNO 2* £J ( 30 ) I!f , 2I¥ 
HH2(131)M m5\0\ SXI^(147)3f, tfj^e^l ^2(144)011 OioFOI 2*2* >^x|(132)§ 

^|x|(132)i= CHOI GND df2J(30)^ SN AfOIOII nxH^ ^£dX|±Ei TM322K 

SX|£1(147)2|- *!!^ SN Ah Ol CHI 3^3 nxH^ ^XI^EH TM31S S»SCK nxH^ ^Xlr^Ei 

Tr 132 ^ Tr131^ 2|2J tfl^g^l mgmtisL S0N1 S0N2CHI 216101 HI CH S Cj . Sl^e^l i^^ A Ji 
S0N1^ tfj^g^l msmtlsi SON ^ Eil^M 22 OIUIOIM^S 4) testM }|0IHsJS(161)^¥EH 
i^SQ. }|0IMsJ^(161)£f eS220ilAH BI^M 5E OIUIOIM^ 4> test L9I^2J 
§^}| fr^S^s SONM a^^Cf. Eil^M 22 OIUIOIM^^ <t> test^ Ell r^M 22AI0II HBil^oj 3 
}|0|M£j^(161)^ £U^g^}| i^§l6!S SON &3I2}0I L£ll^e #^e*Cr . 

HI942S §5of2, $i±m^J\ %tgmtin son2^, Mg&tim. son ^ ai^^ 22 oilhioi 

Id^ 0 testM AND :>llOIM3]^(162)^¥Ei f^@D. 

eii^m 5 c oiuioiM6is btesiDi e^enoiiAH Lai^ej 3^, and ^ioi^sj^d62)^ m 

gmtlsi S0N3f ^^jlSlOl »g Lfiil^S #^£lCf. Eil^M 2£ OIUIOIM^^ <t> test^h Eil^ 2 2 Oil AH 
HSil^oj 3?, AND ^I0|^£j^(162)^ g& *!!^#^:M fr£sf£]S SONS e^eJCf. 

220ilAH^, mgmttm S0N12] H£il^2J &£Oii m^otW , nxH^ H£HX|>:Ei Tr 132^h 

08SH, CHOI GND £11 ^ Vss'^ SNOil ^CH£!D. 

Hl^e 22011 AH^, nxfj^ ^XI^Ei Tr 1313>h S0N22J H£ili^2| ^^Oil ^Smoi §18 

EIH, *J]^ SNOI SXISCf. HI1^ AIOII 0]|A1£f &A\& ^D\m Ol ^ A| Oil CHI AH ™m ^ CHOI 

GND £r2J(30)2|- SZI<id(147)^ ^ OH^I (mesh)^2^ ^^£JCH D||2d| OiaiO|(141)S ^hH6Hl, ^J^g 
^^121 ^§<y SN3f CHOI GND ^&i(30) ^ 3X1^(147)01 ^^l Xl ( 132) Oil SJ^OI S^£ICH 

Siiir bH<y(SN30)3f (147)£J dH^HSOl S^BOi. bH^XH^2^¥EH 21 4* 

0| (EH , tf!^e^:>l(2), ^^1x1(132)^8 6!EIS5|»2J S3 Oil S XI <y ( 147) 3J- CHOI GND 

^e!(30)S AH ^^SCH ^^l ^d|^^l& ^^Oil £X\™2_^ ^g£JCH 2ia. 

HI 962^ e H1 10^ SOII Hf^ XH7^A|0j|°J DRAM S ¥^^2^ ^CHohOI UEILH^ 3H^2 

oia. 

HI 962 M 1,^6^, DRAM Oil AH , ^ B ^ ( 142) 8 ^ £H^§^I &H2(144)0il CHa r 01 nxH^ 

MgHXI^Ei Tr2r. CHOI GND fiil^ §) ^{ 19)M¥Q CHOI GND Bll S! Vss'OI ^OiXI^ CHOI GND 

^£1(30)111- Eil^H 22 0ILHI0IM61s (J) test Oil gSo^Oj CHOI GND £f£j(30)e SXIoPI nxH^ ^ 

gdXI^EH Tr127M 5^§[CI. 

^ nxliy M^XI^EH Tr1338 ^ «H2(144)°J ?S<M SN3f CHOI GND (30)A r O| Oil S 

^EIH, ^ilOIMOilAH &±m^J\ mg®£im SONS m^Q. nxH^ M^XI^Ei Tr127^ SI ¥ILH2( 131 )3f 
CHOI GND ^oi (30) AhOI Oil S^£|H, ^IIOIMOilAH Eil^M 22 OIUIO|«^£ 0 testM g>feCf. 

220ilAH, Eil^^ 22 OIUIOIM^S 4> Leil^OIH, nxH^ M^XI^Ei Tr127^ 22301 , CHOI 
GND ^£1(30)8 CHOI GND dig! Vss'S ^§@Cf. Eil^M 22CHIA1, Ei!^:^ 22 OlUIOIS&jS 0test^ 
HSil^OI an, n*H^ M^XI^Ei Tr127^ §183 01 , CHOI GND df£J(30)8 SXISCf. ^J^e^^l S^SI- 

SON^ HBil^OI £|H, nXWW ^^XI^EH Tr133^ ©8301 ^!!^g = ^l(2)^r trgsfSCK 

01 ^A|01IOilAH2, HI1^A|0j|0i|AH2f igjel ^HfS ^ SIC|. HI6^S0il b|5r01, ^^XI^Ei^i 4=21- 

Xil972g S53rS. CHOI GND 5}ei(30)0| Oi|^|^2^ ^^3CH Oi|2dl^ 0121101 ( 141 )g ^tH6rH. ^ ti! 
^§^3| «H2(144)2J tfl^e^ SN3f CHOI GND ^ei(30)OI ^£J ^fl XI ( 132) Oil 2\m<X bH 
<^(SN)3I (30)£J bH^HSOl ^^oHl, UH^IXH E h 2^¥E12J ¥4 h 0| SXISCf. 

HI 982^ & ^g£| H1 10^ SOil CCfM H!8^A|0j|g UEIUi^ M^20|D1 , HI992^ 3 UEfUi^ 
EfS^MOIQ. 

HI982M S^ofS, 01 ^AlOjfe D1I2£| 019101(150). 0II2£| 01 91 0| ( 150)21 ?-J2<^ WLM ?S8PI °l^ 
?-J2 2dfOIW(10) SI ^^lxl(132)M S»&Cf. 

?-J2 2£f0|tH(10)°i of 01 £il ^ a^£F2](10a)0llfe, 22!2¥l Vcc^¥EH 32 S212¥l Vpp^ ^CH 

?-12 2^0ltH(10)2J S^Bil^l 2^1^21 (10b) 8 ^^lxl(132)2J SS&XK 132c)0il S^SICN. ^^i 
XI (132)21 r^iX|&XKl32a)fer SXIfl( 147)011 §^92 ^^lx|(132)2i El* ^¥IXIBXK 132b)fe CH 

Ol GND ai-oj (30)0il S^Q. ^¥1x1(132)^ HI 89 2 Oil HAIS 513} S^'orOi, Eil^^ 22 0IUIOIM6]s 
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<|> test Oil 2]Sf01 S^&CI. 

m& SE^El, HI83E0il SAIS El 01 £j Oil AH 3^ EII^M e c a^OIM^ MOi JFOI , tt\± 

e o|L||0|M6Js 4) test HSI^S IH E. £E £1- 01 bH ( 10)21 S¥SII^ 3*1 £f 21 ( 10b)S 

£2| S¥£ll^ Vss(0V)S¥EI ^^1X1(132)011 HJohOl CHOI GND 2il^ Vss'(0.5V)S ^flXISCK 

?JE£ WL2J UI^eh ^E£j°J Vss(0V)S¥EH CHOI GND Bil^ Vss'(0.5V)S 

^^ohOI, CI^QH EIH3IAI ^sUI^C}. Olfe BIHSIIAI Eil^EilOil ifiSI A|Z!M B^Q. 

3 ¥1, §^01 £|Aj|e A^Oie^ MOi^S, Eil^M 2E 0IUI0IM£IS ct> testfe LBil^S o^oHQ, £IE 
E£fO|tH(10)2| S¥B1I^ S^l^eJdOb)^ DAI S|H£2| ^¥31^ Vss(OV)^ ^lxl£JOi , S£J B^m 
CfAl Al^e[Cf. 

H1 1-7 ^A|0||2f S&6F^, P£H« aiHSilAI ^£0| CH^ 2[Sf£|CH, gfi^ Eil^M A|^2J 
CH^ S^AIgJ 4> Ma. 

xmoosfe s ^g2j xii 10^ soil mm Hi9^ aioiim ueiui^ mm^o\o. 

huooem sssi-e. 01 gAioiife ainsnoii gg@ oiiey oienoidso), oiieai oieii 01(150)21 91 = £ 

WLH ?§oPI si: EEjOl bH ( 10) , Oliedl 01 £i! 01 ( 150)21 blM£^ BL. 1 Oil S^S £!^§^:>l 

01 ^AlOllfe 5E» VbbS g^SPI ?ltl ¥2^1 gf 2!fflS(152) . 3XI9 £1 ¥HHE( 131 ) §J ¥3?l 

Vpp ?-lE£!2| S¥£1I^ VssM ^lx|6K>1 H(151)^ SSo^l fl& ^X|(132)M CH^ SSeiCK 

^1x1(132)2] £fl*| BXKl32a)fe ¥2*1 g*»3SIS( 152)21 #^0|| 2^£IJ2, Ef^ ^*lxl 

E+XKl32b)i= £J¥HHH(131)0il S^SIffl, SSBXK132c)^ U( 151) Oil g^CI. ^*lxl(132)fe XHI89SE 
Oil SAIS 23* SSJohOI, EII^M 0IUI0!B6!£ * test Oil s\mo\ «|01SCK 

g& 2H0IIAH, EII^S S£ 0IUI0IM6IS d> testfe Lai^OIH, ±*|Xi ( 132)2| §gE+XKl32c)fe iJ^ 
^*lxlBXK 132a) 0|| g^SIW. ¥2*l Vbb^ ¥S?I tt£2l£( 151 ) CHI 2I8KH 11(151)011 ^0\BC[ . 

3 jfrSjo^ D1IS£|*J M^IXI^EH MT2J AH" £I3SW^ Ss^l ^ HI 9 H . OilSdl^ MCSJ Q^EH^ BIS5II 
A| ^^01 o^^r^^il ^Xl^lCf. 

HI8320II SAI9 Ql^e 2 c E|0| °J Oil SOi^ O , SE OIUIOIM^S 4)testfe HBil^ 

S ^^6^, ^^lxl(132)2J ge&XKl32c)^ Ef^ ^^1 x|BXKl32b)0ii S^SCH, H(151)^ 

£I¥hhe(13Dm mmo\ sxisdl 

Ca^Ai, CHIS£| M M^iXI^E-i MT£j AH ^ E|32^^F #^F5f01 , DIISEI^ MC2| CI^Ei" BIH5IIAI ^£0| 
CCfEfAH 01^^ AIZIOI B^Q. 

OlOiAH . §^0| dlAilM AI-OIS^ mO\Dl&, Eil^M SE OIUIOIM^s (J) tester Lfill^S 51^812, ¥2 
Vpp^h QA| ffl (151)011 ^OiSD. 

^Ol H1 1-8 ^'AlOllSj- S^EJS , Dlieai^ MC2J CI^EHM £|°B||A| ^^01 CH^ 2|SF^ ^ Eil^^ 

Ai^e e^ofe s.^j\ ch^ 

s ^ h soi ^ Ail ei UEfucn aasxieis. oi^ oil aim ^iti 5ioii M^mcH, ^saxi 

^ ^S2J A^m- g^lM ^CHUXI g^S^I Oil SjohOjSf Hl^gB S^o^CI. 



(57) g?l 
1 

oi^iioisi, ^oi oiiee,!^ oieiioi^¥Ei ui^^oii ^esj^ oi^ m e^api mm &± 

a?\ Diieai^ oieiiois¥S2i aioiEf mmix m\ m&zm oiaiioioii°j ai-oia ?\mm hichs^ 
Hioi^Buf. ui^<y , &oi oiiHEi^ §y &3i ^i^e^^iHj ^^enn s^iEfeie ^01 ?-je^oj s 

^ai^^Cf 2^1^ gSoPI ^l&[ 5^5^01 , ^^1 321 ^2 

^ e.^ 4 h ^i ^¥ai^ s^i^eisi s^im ^opi ^i°i unys^i s&oi^ 5ie 

a JEl ^I^SXl. 
S^ 1 ^ 2 

H1 1^ Oil ^OiAi , 2^I^S^&0| ; &OI HI1&!£^I ^XK)il SIS S^£IH ^ £±^J\ 

Oil dig 6^ Aj^Oil ISofOI EMEIOi fe^l S^eil^ 21 ¥1 £f 2J oj S o| M ^!^[ HI2&}£xil ^Xl- 

m 5&a^ ysxii ^i^sxi. 

3 

HI 2^ Oil SiCHAi, ^>0| 2?l£§^B0f, ^¥5II^S^I2f ^ISS^e BT4S«^I ¥1 ^I^S^ 

«^Ay ^^21, ^ogji^ 2 ^1 ^ ej M ^>0| ^1^2^ ^^^B^M¥EH ^1^2^31 b I Bo HI 

&OI ^^£11^ 2^l^eJ2| 2^IM ^JH^2i S¥£1I^£D S^IM ^OPI ^1^ Sfl S^4^3 
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S^S 4 

HI380II 2iCH AH , S^M&^BOI, ^¥31^ &$\&212\ bliHo^l ¥1 

of bin 6Pi diB^Efo^«£-]oj hi oil esmoi s^im s^ais! 

5 

xii2^oii sicHAi , a^s^Boi, 2 $j 2 ^1 m ^ejoii e^sjos g^^oi £ni 

SJSXI. 

%=?m 6 

XII 5§ Oil 2iCH AH , &J\ ^XI^BOI, B^=!2£ BJEtffe ^SlUSSf, £>0| g*£!SI^S¥EI £| gt&23!0|| 

^4*21 bi^^goj am 21- ^21 *i = £!g2i am oil 2jzi a ^4-2j oiieai^e sswfe oiieai 

^ Oi£1IOj£h 0il2E|^ CHBi|0|S¥EH £M dIMdOil ^#£l£r D|^ 2^1 X\m m^o\3\ ¥l2i 

m\ missis oiaioi£¥Ei2j ghoiei ^m^t &o\ oiiaEi^ cHfiiioioii£j qioib :>i^m xii ch si- 
Hioi^BHf, &oi diM£, &?i oiieai^ ^ &:>i &±m^i\s\ s^aiig! &?\&2im m\ sih^sj 
^?eii^ac[ ^§api 4* Bah m\ s^eiiai asi^ei^ ^ba^oichi 

a CH £01 £JH£oj S^BHSSP 2^I^¥EH &2I S^Sil^ 212121 xme ^xia^=r 

xm &xi4*e§ s^moi, a^gs^&oi, &oi ^^eii^ 2^2121 §i?i ^i^a 

s^im dimapi dim^Be sct2, &01 4-boi £01 di:n^B°^¥Ei2j dim 
e^oii e&moi ^oi ^ai^ a^sisi m?\m £>oi ?iE^^ s^aigis »a»te 3±e ^§2£ 
a^ bs^i ^i^Sxi. 

s^sr 8 

SI7S0II 2>iC>i AH P &D\ tto^Xm ^Xi4^&0| 5^6^ B^xil ^l^gxl. 

9 

HI 8^ Oil SiOiAH, ^^| ^^IS ^B3f Q0\2.^ A[0\2) ^H2f ^>0| ^-jH^A^OIOil 2^£ICH 2^1^ 

§1 l^Bfb P?iil! 3iWME\m CH^ £^o^ &}£xii ^I^SxI. 

S^S- 10 

diM<yesj om£f ^iH^esi am oil oiisai^m s&ofb cnisai^ 

ch at oi si- , &d\ oiisai^ oieiioi^^EH di^doii ^m^\= o\± xtm e^a^i 

hd\ oiieai^ oiaioi^¥Ei°j qioiei Diieai^ oi&iioioiiHj chioiei nmm mo\o\$= 

Hioi^&Bf , di^<y, ^oi oiieai^ §j &j\ ^^eii^ s^i^eiM ^oi sih^si s 

^ai^sa ^§a^i ^iei a^i^s ^enf, e ^izioii p^rn^ <y^oii e 

Sofoi ^>oi s^oiB^Be M^tfa^ s^dim sxi^b^, a ^^^^ D \^o\\ amms= m\ 
±im.m m&oio\ ^^ai^ a^iafeisi 2^121 ^xi a^^ 401 ^^is ^Bi e^a^i ^ 

11 

^4-2i di^Aigoj am£f ^^<y^sj am 011 ^^21 oiiedi^M a^a^ dhhsi^i 

Oi£il0l£f , DilSSI^ Oi^|0|^¥Ei dl^^oj| ^#£J^ D|^ S^I^M m^o\D\ ^^e^ 

DilSEI^ CH5ilOIS¥EH2J CHI 01 EJ- 0il2£l*J Oieil0|0il°| CHIOIEI- D\mm MO\o[tz 

xiioi4=B3f , gj\ diM^, oiieai^ §j ^^ai^ m$\E}2im %^&°\ s 

^lEfQjllf SXI Ah 01 CHI S^SIOi 32| &i ^^1 ^£il^ 2?l^2i°l S^IM ^Ofe ^ 

12 

Hin^oii sioun , ^01 ^^is ^xpk e ^i^oii mes^ ^^oii e&6K>i £§g^ ^ 

13 

H1 123011 SiOiAH , ^^IS^XPK D2j 2J^S^0i ^^1 ?-JH^£J ^¥£il^ 0|o^£| 2^1^ XHohW 

CCH £132, *}^XM D\^X\D\, ¥S¥|2i S^M ^^o[D\ ¥S^I e 2 

31 Z} Oil CJIiofb ^31 ^SOil M&ohOI, 4^1 ^IZieBB ^31 ¥3?l ^^4^B^^¥ 

Ei ¥2^i s^e ^^i ^s^^si EJ^s^oii ei^haho^ m&aiz^m b^s^ 4=bm 
14 
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15 

^4=°j b!M<ye°j am si- ?-ie^^2j amoii ^ m^s\ ms.z\mm s»3tfe oiiedigj 

CHBII0I2J-. £PI Di!2£|^ CH2IIO|S¥Ei £31 b|M£!CHI = #E|{= U\± Sflttg g^o^l ttl±^^ 

^isf. ^i oiieai^ oieiiois¥Ei£! pioiei ^sai- #?i oiisai ^ cneiioioiinj c-hoiej- D\mm Hioia^ 

3f ( ^S^BSI 2X1 *S &}| S?|gg4*&£l ^*jo^| 

S^S- 16 

HI15^0il 21 01 AH , £3| ^flg^eoi, SIH£0l HI1^d|^¥EH HI2£rdlS £>^SH?| 20il £31 £foi 

17 

XII15&0II 2iOUH, &3| Diie£l^ CHfillOl^h **4*2| 1^25 HH^£JH ( £31 ^S^BOI. £31 2| 

CHI AH Sl = £!0l £3| HI1fc£|^¥Ei &3| XII2fc£l£ #£8*31 2011 ZlZim &D\ ?-l££2| £^ 

SUSS ¥9 £3| 2^§^B2j £3| |^og ^£J6PI ^jSh SSS^ Si^^l 3|2jSXI. 

18 

HM7£T0il SiCHAH , £}| ^^IS^BOI, £3| 2| M^Oll Ai <Miij S|H£!0| HI1^£l^¥Ei HI2fe£|^ £i^ 
BI S»S*fe ^£*|| 3|ejgx|. 
19 

^2| blM#e2j 5hLf£f ^4*2J ?-IH£^2J oFUOil Wiedl^M SSoffe- CHI S e.| M Oi^lOI 

:>i oiiHEi^ oieiiois¥Eisi chioiei ^mix oiisaiM oiaioioii2j chi oi ei J\mm Mo\mt= hi oi ^ b 

, ^Ol H|M<y, 4^1 OllSai^ §J 4^1 ^I^#^^I2J ^^Bll^ 2?l 32| g^S^OII 2J6H g 

x\\ ^^sii^ a ^2i3i- ^i^^^iacf ^^ai^ 2^iah2i2j ^^ioii e&a^oi ^ 

§2J 2OILH0UH &D\ S^BII^ 2^|£f212J i^iJofb J\^^\m dlBS^ M^S 4-B3fM 5 

S^S 20 

^4-2j 5i u 2} m^si ?-iH<Mgoj am on ^ cHieai^e s^a^ chissim ch^ioi 

oiieai^ oisiioi^^E-i2j chioiei oii2£i*j oi ai oi oil hi qioiei- ?\mm hichs^ xiio^b 

2f , feoi ^i^g^^iM ^eapi ?\m ?§<y^, ^oi ^^e^^Pi ^ii ieh, &j\ &±m^?\ 
2] ^ai^ 2^im ^oi ^e<moj ^o a) ^ scf MB ^o,^ 2-1^3 
cw. &oi s^i^s^&oi, &j\ ?§i ieh, £>oi ^i^g^^i ?e^2j agft ^1^2 

aisoPi ?i&[ bi ih^&jD- , ^01 tnin^B^^¥Ei2] bim^^oii g&sfoi ^01 ?e<y 

2| ^^£11^ 2^IM ?-JE>fj2J ^^£11^ 2^1^ &&o\J\ M^^XM ±x\m £&o> 

H, ^Ol ^i^e^^PI ?§£JXI ?im U SD\ blU Oil ¥2^1 2£m 21Jto\= S^o^ 5 

21 

^4^2j biM<ye2i smsf ^2j ^^<y^°j amoii oHsai^s s&oi^ oiisai^ cnaioi 

2f , OilSEI^J O^ai!0l^¥EH b|M<M0il =§E! QI^S^I g^o^l ?|°[ £J:^e^l2h ^^l 

OilSEI^ CHBil0l^¥EH2J CHI0IEJ- &OI DUSSItf CHeilO|0il2| CHI0IB ^l^§ XilOiSfe HIOi^B 

2f , ^^i &±mm\w =?^o\^\ ^ish ^e^^i, ^>oi v±±^^j\j\ tin, &oi ^i^g^^i ?e<y 

2J S^IM ^,01 ?-JH£j2| SCf 2^1^ £38^1 ^1 ^^l^S^BHI, ^,01 Oil 

SEI^OI Eil^M SJ^0i|2J5H E||^S£|01g CH &J\ tt±±m^J\ =?m^m ?-IH<^2| ^^fiil^^ 

22 

HI 20^ Oil SiOIAH , Af^j bm^BOl 2WblH2SI^M HSof^ ^SExll D\^X\. 
23 

HI 22^ Oil SiCHAH , Ahp| a#b|BSIS^, JI^&I^OI 6I^Eil£|A|^ ^hXIS^o^ ol^Eil£|A|^ HI 

24 
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^21 OlMAieHJ SmSf ^2j SIH£g2| olUOU ^ S^SI^r Dil2£I^M Sgoffe Oil S £| M CH £H1 

oi2f , sj\ oiisai oiaiois^ei ai^oii ^#£i^ di^s^i^m s^s^me Gi^g^ia. & 

D\ blM^il *0| ^l^e^^l AhOI CHI S^£J^ 2^^!OI^2f , £>0| tfi^e^l ^ =?mm U, TIIOIMS^I 
}|- 4^1 $]H£J2| ^^31^ Ah^| 2^^IOI^£J }|0|^2^S XJIOioHQ, ^filliy S^P* 

£PI SiT^IOimSl D J§ ^Dil g£EI£^ £PI blMAioj 2 °IH XilCHo^ XilCH^&IU- 

s^ps- 25 

^124^011 ^chai, xiio^eoi, <&±m^J\i\ ?si in , £Pi diM<y2j s^eii^s^i* £Pi 

S^?» 26 

XII24S0II SiCHAH, £P| XilCH^BOl , V±±^^J\D\ ?§i OCR , S^BIIi! S?Pf £PI 

27 

XII 24^ Oil 2iCH AH , £PI di^e^PIM ^P§6PI?I& S»8H2. £PI ^flS^BOl, 

^ 0|*0||te £J\ =?^&m ^H£2| ^¥31^ MP S?|0il S^SPI ^91 S»Wte 

^ISjSXI. 

S^S" 28 

^4=2| b|M£^2| 5hUS} s^oj ojc<y^£J ol-U-Oil S^£l^ OiieSI^M Sfc^te 0H2£I£! OH 2HI 

oi£f, £Pi oiisdi^ oiaiois^Ei £Pi aiegoii ^ms\^ Q\±&$\jim ss*8n?i*iet tfi^g^ish 

£PI 0il2£l^ OifiilOI^¥EH2j QIOIEf ^mib £tD\ Dil2£|^ Oifii|0|0||2| EflOIEt XllOiofe XII CH 4= 

B3f, bi^<y , oiiesiM §y £Pi ^i^e^^i°j ^^eii^ a*is*ejs ?ns^oj 

SQ ^ 2*1^ ^§512, St 01 31 gi 2J¥0i|AH ^OiXI^ 2SS°J a<5HS ti3oPI 

^l&i a^lgS^B^M SSotOi, £P| S¥I^S^&0l, ^Ol S^ai^2^l2f ^Ol SFOiai^^^lM 

29 

ai28»ofl ^chah , aoi a^i^s^eoi, 401 ^^ai^^^isf ^,01 o^oieii^s^iHj ^§2^1 xim 

XI. 

a?» 30 

^^hj tiiM^^oj mU2f ^4,oj °jc/dgoj am oil g^a^ oiieai^e s^o^ diissi^ chbii 

OlSf, &3I Dil2£|^ O1£il0|^^EH b|^^0j| OI^S^I e^5PI^I& ^l^e^^lSf, 

6PI oiisai ^ oiaiioi^¥EH2j qioiei ^^m- ^01 oiieai^ ch ai 01 chi oi qioiei ^i^# xiicho^ hich^ 
&3f, ^>oi bi^Ai, aoi oiisai^ ^ 4> h ^i ^^e^^i°j ^^ai^ 2^1 ^2JS ^>0| ^|=^£| ^^Bil^ 
a^i^ g§8P, sFoiaiss^g ^ chi ah ^chxi^ a si a a- eci a^i^ ^§o^i^i 

§1 a^l^S^B^M S^o^, £^l a^l^S^BOl, HH^I^a^l Oil 5|^6K)j ^^1 B\0\ £11 SS^IM ^ 
36^ moieil^a^l H!2^l^a?|0|| P|S6K)| ^^Bil^S^IM ^§o^ ^¥2il^S^I 

31 

XII 30^ Oil S!10\M, X||1 ^ £J\ M2J\^^^\m H E ^6^I^!I ^I^S^I ¥^^^S 5& 

S^S 32 

«I31»0II ^(^Ai t ^Ol ^l^a^l ^^^B0| , BM XII2^I^2^IZ}2J SSS^I ^ XI 6^ AH ^ 

?i XI1 1 §J XII2^l^a^lS ^^6^ ^Bi H&6F^ ^I^Sxl . 

a^s 33 

biM<y^2j musi- ?-iH<ye£j smoii s^si^ oioai^g s&m^ oiieai^ ch 

0|2|, £J\ OilSSI^ CHBIIOI^^EH £D\ bl^^Oil =^£l^ Dl^a^l X\M ^^o[J\?\2} &±B^\&, 

go\ oiiedi^ cneiioi^^Ei qioiei ^mi\- &d\ oiisai^ chbiioioii2| chioiei ^i^s xhi ch shfe xiich^b 
3f , tiiM<y. oiisei^ ^ &j\ tti±m^j\zi ^¥£ii^ a^i Eieie &:m ^-jh^hi s^bii^ 

SCf ^§512, o^Oiai^S^IM £J ¥ Oil AH ^CHXI^ 2^2^ SCI 2^1^ ^So^l^l 

m a^i^s^&nfM s^ohoi, ^oi a^i^s^E+oi, ^§ Jizieei ^^i ^^ai^^f 
&=?m 34 

^4=2] bl^/dgoj 5 ^ U£ f ^4^21 ^H^gHJ omOil 2|2| g^£|^ 0||2d|^M S&S^ DH2£|^ 01 fill 
OI2f, 401 CHI2£I^ CHfillOI^^EH bl^Aioil Dl^a^lx^ #^5^l^l^ ^!l^e^^l£f, 

&3I 0il2£l^ CHfiilO|^¥EH2J Gil 01 El &D\ OilS£|^! Oi &II0I01I2J CHI 01 E> D\mm XilOiofe XII OH ^ 

B^, ^^1 bl^<y. ^Ol 0il2£I^J §y fe^l ^l^g^^|2J ^^fiil^ 2^1 ^£Jg ^^1 ^JH^2J ^^fiil^! 
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SCI kg 2?!^ ohOieil^S^M £l¥OilAH ^OUI^r ESSa MP fc*S 2*1^ g§8PI?1 

e s^s^bijim sasioi, &:?i a^s^Boi, nn?iss9ia ssjsi ssis ^sapi^ioi 
oi ^4* si xm*iaaK ^^i ^4* si xmaaoii cuiof^ii s^soi, schxi^ 3 

¥ 3IU18S CHgSlfe o[Ul ?S£6^ «4*S| XIII^SI, £PI Xii2JI^2¥iM gJSJSj S?|£ ^381 
2^21 ^4-SJ 33128 3K £P| «4*S| HI2XH80II CH^olTil S^SJOI, SCHXI^ 3 

^ HI2XH8e QISo^ 6mi ^^SJ XII2S5S S88*te &£SI 3|2jS». 

35 

XII 348 Oil 2i0iAi, £PI **^S| H1 1 £! HI2S£0il S^£J0i £PI H1 1 31 HI2^I^2^IM 5§3f£ 

* HI1 £ M2&dSm £S dIESEIJI ofe ^4=SJ e^xi^EHM ¥^^I2S SS8ffe BE^I Z?|™ 

SXI. 

S^8 36 

sj^ouh aas&oi g^a^ lh^si^m *_y^xi\ ^i^sxioii sioi ah , ^pi lh¥*j^oii s^s^ 
a^oiai^a^ig *pi 2J¥0]iah s^£i^r aaae*j»fe om 2^ gssiiQ, Ui¥£J^0il g^s^ 
^ai^a^iM £Pi ^-ie^sj s^aiaijiife a?is gsspi^ a^gs^Bnn, 

=4B0il SI 81- 01 ^§9 5^01 ail ^ 2^1 2f £^BIIH!a?l§ &EXII 3I2JSXPI- A|g§SP|SJ 01 ¥ Oil d>^ £ 
38lfe ^BI £88fte B£x1l 3|2jgx|. 

a?a 37 

asm 31&&011 ags lie 3?h xi siexii ^i^sxioii ^chah, bi^^esj smsi ^^Sj SIE 
£gsj sm oil g^g oiisai^e fissfb chisei^ oiaiioisi, &d\ oiieaig! oiaiiois^Ej £Pi 

Hl^^Oil = 0|^2^xFM e^SPI^Ie* &±m^D\&, £D\ Oil S BIS! CH B|| 01 ^¥EH S] CHIOIEJ- 

331 £PI Diie£|^ 01£{|0|OI|SJ CHIOIEI D\mm XII 01 81 HIO^BHI. 3 1 & Oil ¥511^ 3iea*l 

m ggspi ?i& ^i&a^i ^^bsi, ?-iH^oii g^a^ ^aa&g ^spi *i& ^&a& 

^4-BHI, £> h 3l ^gJa&IU &J\ ¥£ll^2?IM SOI Alge&PI 01 ¥ Oil Cldl gJSJSj a?IS ^SoPI 

^ith a^gs^eum s&6fb bsexii ji^sxi . 

38 

&}£X1I ^l&^Oil ^Ilfe ^£X1I ^I^SXIOII 2iOi AH , ^^01 d|^<ye£J 5fLf£f ^^£J ?-IH 

<m^oj 8fU oii g^g oiisaiMS ssof^ oil s ai ^ oh &1101 a- , «^i dhhei^ chbiiois^eh uim 
doii 01^2^1 xim m^mj\ &i±m^3\&, m\ oiisai^ chbiioi^^ehsj qioiei 
&d\ oiisaiM oh aiioi oii^i chioiei j\mm Hicnm^ hich^b^, &d\ oiiseim §y ^,01 a 

^g^isj s^eii^ s?i ai-eje ^H<ysj ^^ai^ 1 eci ^8 2^1^ M^m^i^m s^i^s^b 
2f, ^^i oiieai^sj pi 01 ei sxiai^oi Eii^E^ im ( uiMfl. ^^i chi s Ei ^ s! s 
^ai^ 2^iEFeie ^^i ^-i^<y°i ^Hio^ &oi ?-jH<y£j ^^ai^ ^hi^b^im s^a^ 

s^a 39 

HI38aO|| 2iO^AH, ^Ol ?-1S<ye ^^5^1 ^|Sh ^e^B3f, &OI Oiiedl^SJ CilOIEI ^XIAIZfOI 

91^^^ (EH, ^Ol ^IH^SI ^¥£11^ 2^£f°JI SXI^^Ei ^Ol 2^|^S^B°) ^^^^^ ^^1 

sefb ^^is^Bm ch^ aam^ b^xii ^i^sxi. 

40 

^£X1I ^le^OII ^fXI^ &ISEX1I ^I^SxIOil 2iCH AH , ^4^SI dlM<ye°J 6IUSI ?-JH 

^esj smoii 3|2| ^^sj [Hisai^e s&6^ wisei^ cnaioisK ^01 ^ea^i 
§t ^^^B^f , ^oi tuisEi^ cHeiioi^¥Ei biM<yon =§9 ai^s^i x\m m^B\j\$\m 

ti^i^m, ^>0| OilSEI^ 0iBH0|^¥EiSJ CHI 01 El ^^Hf £M OIISEI^ CHBIIOIOilS] CHI 01 EJ- J\mm 
HICHSfe HI0i4=B^, ^>0| DlieEI^SJ Gil 01 El ^X|A|2iO| Eil^Ml (EH, &J\ $\^& ^^^B^ ^^Sil 

^ 2^idiBM ^,^1 ^H<ysj ^^ai^ aci 2^1^ ^sapi ^i§[ 2¥i^§^B2iM sem^r b 
s^?a 41 

HI40aO|| ?±0\M. B£X1I ^ledl ¥£il^ ^l&S^IS gs^SPI ^1^ 31 & 2^1 4 s BUI, Oil 

edi^sj chi oi ei ^xiAizfoi Eii^^g^ g^, ¥&i^ ^i&s^iaci kg ^>oi B£x1Pie°l ^les^iM 
g§oPi?i^ ^lea^i ¥^i^^^ saai^ &^n\ ^i^sxi. 

a^a 42 

BSX1I 31 Oil Si ^hXIfe BHX1I 3|^Sx|0il SiCHAH . m^2\ dl^^^oj g fU£f ^^o| 

<yesj sm oil Diiedi^ie saai^ miedi^ oisiioisi, ^3i ckisei oiaioi^^EH biM 

^Oil ^^£l^ OI^S^IXlM e^oPl^loh >mi^# = 3|2|, &J\ DilSai^ CHeilO|S¥EH2j CHI 0 1 ei ^mib 
DilH£l^l CHeilO|0i|£| CHI 01 El XHICHSIfe HIOI^BJH, £D\ B£x1l ^lEhOII ¥31^ D\B&$\m 

5S8PI ?i e 5ieafl ^Ay^B^i. ^,01 oiieai^sj chioiei ^xiai^oi ai^^m 1 m, 4>oi ¥eii^ 3i 
&a^i sci kg bsxii 3iesi 3ieh2^is ^ssi^i 3ies^i sasi^ B£xn 
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